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COMPUTER PROGRAM FOR DEF INITION OF TRANSONIC
AXTAL-FLOW COMPRESSOR BLADE ROWS
by James E. Crouse

Lewis Research Center

SUMMARY

A method is presented for designing axial-flow compressor blading from blade ele-
ments defined on cones which pass through the blade-edge streamline locations. A
blade-element centerline is composed of two segments which are tangent to each other.
The centerline and surfaces of each segment have constant change of mean-camber-lire
angle with path distance. The blade elemeats are stacked along a line which can be
leaned in both the axial and tangential directions. The output of the computer program
gives ccordinates for fabrication and properties for aeroelastic analysis for planar blade
sections. These coordinates and properties are defined by interpolation across conical
blade elements to the planes perpendicular to a radial line through the hub stacking point.
The output blade-section properties are area, center-of-area location, stacking-pceint
location, maximum and minimum moments of inertia along with their orientation, torsion
constant, and twist stiffness.

The computer program uses velocity diagrams that have been estavlished from some
aerodynamic design process. The velocity diagrams are applicable to some fixed lo-
cations near the blade edges. Blade-element angles are obtained from the velority dia-
grams (1) by correcting the velocity diagrams from the fixed locations to the edges of the
blade as stacking adjustments are made, (2) by determining and applying incidence and
deviation angles at the edges of the blade with one of several common methods chosen
with optional controls, and (3) by correcting the inlet and outlet blade-edge angles on a
streamline of revolution to the blade-element layout cone with the use of appropriate di-
rection derivatives. The iterative stacking adjustments are made by translating the
blade elements along the cone so that the center of area of the associated blade section is
alined on the stacking axis.




INTRODUCTION

In an axial-flow compressor design method. the general objectiv. .5 to define hard-
ware which wil' give suitable and predictable flow conditions.  For subsonic and tran-
sonic flows, the solidity of blade elzments is generally low enough so that blade elements
at most locations in a blade row can more reasonably be treated as a cascade of airfoils
rather than channel flow. Also. since the axial dimension in axial-flow compressor
stages is usually short with respect to blade height, there is reasonable freedom in the
selection of blade-element shapes which, when stacked, will define a structurally sound
blade. Where possible, those blade-elem: .' shapes which have demonstrated good per-
formance with enough experimental data to 3 ~ld useful parametric correlations are usu-
ally selected. One shape commonly used in present-day aircraft compressors is some
variation of the circular-arc type of blade element.

Most compressor design systems utilize experimental data correlated from similar
blade shapes in either two-dimensionzl or three-dimensional flow. In order to have a
meaningful relation between the correlated data and the design applicaticn, the blade-
element definition properties should be as nearly alike as possibl- Itisr agnized,
for example, that all the blade-element properties of a two-dime; .onal layout cannot be
preserved when it is applied to compressor streamlines of revolutiun. So some deci-
sions must be made as to which properties fundamentally control the data correlations.
The most desirable properties to preserve are blade-element thickness distribution and
blade-edge angles along streamlines of the compressor.

The camber distribution used to achieve the prescribed turning is a property which
has significant effect on the blade-surface pressure distribution. The camber distribu-
tion can be simulated in various ways. For example, an element can be laid out directly
on the surface of revolution, or it can be laid out on a plane or cylinder and then pro-
jected to the streamline. In reference 1 it was shown that these methods produce varying
rates of change of blade angle with blade-element centerline-path distance at significant
streamline slopes. From strictly a geometric point of view, the rate of change of blade
angle with blade-element centerline-path distance is most directly related to the local
chordwise rate of aerodynamic loading. So there appears to be some merit in preserving
the rate of change of blade angle with blade-element centerline-path distance in the flow
direction. This concept was developed and programmed in reference 1 for the simulation
of a circular-arc blade element which has a constant rate of change of blade angle with
blade-element centerline-path distance. The computer program of reference 1 mathe-
matically describes and then stacks blade elements to define a blade after the blade -edge
angles are established.

The coupling of an aerodynamic program with such a blade design program avoids
iterative computer entries by the designer; but for the design of multistage compressors,
program coupling places particular premium on speed, reliability, and accuracy. It was
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apparent that, to use the concepts of reference 1 in a coupled program, improved mathe-
matical procedures were desirable. The rework of those concepts, which 1s described
in this report, provides major gains in accuracy, reliability, and speed The cemputer
program presented is internally structured for use as a part of a composite compressor
design program. But, in the form presented, the program is set up to run as a sepa-
rate entity so that it can be used in conjunction with different aerodynamic design pro-
grams. Thus, this program 1s presumed to start with velocity diagrams at fixed loca-
tions near the edges of the blades. These velocity diagrams are corrected to the edges
of the blades as the edge locations are defined through the stacking iteration. Incidence-
and deviation-angle prediction methods are included to establish the blade-element edge
angles from the velocity diagrams.

DESCRIPTION OF BLADE DESIGN PROCEDURES

The general blade desigr system can be divided into four rather distinct parts:
(1) blade-element definition, (2) blade-eiement stacking, (3) interfacing of the reference
velocity diagrams to the blade-element edges, and (4) terminal calculations. The first
three parts are used in an iterative procedure in the computer program to establish the
blade for the terminal calculations. The iterative loop through these parts occurs be-
cause the blade-edge locations for the velocity diagrams are known only as accurately as
the blade elements are stacked. Most of the computer program information of interest
to the user is given in the section entitled DISCUSSION OF COMPUTER PROGRAM; but
occasionally, computer subroutines are mentioned in this section when a procedure is
the specific function of a subroutine. The following discussion covers the devclopraent
of concepts that are used in the computer program.

Blade-Element Definition

It is desired that a blade element lie on the surface of revolution generated by re-
volving the flow streamline about the compressor axis. For the purposes of blade-
element definition, this surface is simplified to the cone passing through the intersec-
tions of the streamline surface with the blade leading and trailing edges. (The conical
coordinate system for blade-element layout is illustrated in fig. 1.) Since the difference
of streamline slope from a blade-row inlet to an outlet is usually relatively low, the
blade properties along the streamline of revolution will closely approximate those laid
out on the cone. The advantage of the conic approximation is that a cone is a single
curved surface which is undistorted when unwrapped for layout.




All centerline and surface curves used to lay out a blade element on i cone re
based on the concept of constant rate of change of local blade znele with path distance:
that is. the paths are defined as functions of the a and s showrn in ficure 1. (All sym-
bols are defined in appendix A.) At any puint on one of thes~ paths, the angle of the tan-
gent to the path 1s defined with respect to the local conic ray to the point. Since n 1S
defined with respect to a conic ray, it is convenient to d-fine the blade element in the
conic coordinate system associated with that layout-cone half -angle ¢ and leading-edge

radius r, General equations for representing these conic coordinates, R and ¢, as

functions gf x and s were originally developed and presented in reference 1. For
some ranges of parameters, these functions have computational accuracy problems
caused by the subtraction of nearly equal numbers. In the following redevelopment of R
and ¢ as functions of k¥ and s, a different mathematical approach was used to improve
computational accuracy.

Conic radius R as a function of k and s. - In the conic coordinate system shown

in figure 1, the basic prir~iple can be expressed as

K _c (1)

where C is a constant. Integration of equation (1) from a reference point to some gen-
eral point gives

Kk~ Ky =Cls - sg) (2)

The differential relation for conic radius is
dR = cos k ds (3)
Substitution of equation (2) and integration from a reference point to a general point gives

1 S
Rt A

1 8
cos[xo +C(s - SO)]C ds == sinEc0 +C(s - so)]l .
“0 ~ 0

R - Roz—(l-:(sinx - sin k) (4)

This form of equation has poor accuracy on a computer for small C (i.e., k - KO).
And the computation fails for C equals zero. The following development illustrates how
this problem can be eliminated: Substitute for C in equaticn (4) to give
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For the present application, x is (x - KO)/2. Thus. the substitution of equation (7) into
equation (5) and the subsequent cancellation of the (x - KO)' 2 terms vields a form that is
accurate for small and zero C values (low « - KO).

The series form can also be accurate for relatively large (x - xo)/ 2, provided
enough series terms are used. If terms through x8/9! are used, the first term
dropped is xm/lll . K this term is to be kept to 10'8 as compared to the {irst ter~ of
the series (1.0), the limit on (k - KO)/Z is £0.9122 radian. That is, (x - KO),’Z would be
limited to 52.27° and « - Kg 1o 104.5° to salisfy the criterion. Thus, series terms
through x8 are sufficient for our turbomachinery application. Therefore, the form of
the eguation for R - RO that is used for computation can be expressed as

. 2 2 \2 / 72
+ X K - K K -k K - K K - K
R - Ry = (s - sg)cos 0\ -1 OV - L o0y L 0\, L 0
2 6\ 2 20\ 2 a2\ 2 12\ 2

(8)

Conic angular coordinate ¢ as a ‘function of k_and s. - The differential form for
the conic angular coordinate is

R de = sink ds

or

de = SIDK 4 (9)




With the substitution of equation.. 4 und i2), equation (9) becomes
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The integral of equation (10) is of the form

/sinxdx :5_3/ dx (11)
a+bsinx b b a+bsinx

where the solution of

/ dx
a +bsinx

is dependent on the ratio of the constants a and b. The solutions of the latter integral
and the subsequent treatments of them are given in appendix B because of the complexity.

The computational difficulty encountered with the direct use of equation (11) can be
explained when our specific variables are substituted into the x,/b term. The equation
for ¢ can be expressed as

[kg + C ®
€ -€q = -2k -ky -2 —— (12
1 b a+bsinx b a+bsinx

From figure 1, it can be seen that € - €y must be very small for large R. However,
Kk - Kg usually is not small. With the mathematical form shown in equation (11), € - ¢
is obtained by subtraction of nearly equal numbers. This, of course, leads to poorer
accuracy with increasing R and a totally inaccurate value for the degenerate case of a
cone becoming a cylinder.

In appendix B, it is shown that the solutions of the integral term in equation (12) all
reduce to the same infinite but convergent series. Computational accuracy with this
form is improved because the first term of this series practically cancels the x - k
term in equation (12). The remaining terms are then of the order ¢ - €9 The resulting
equations for ¢ as developed in appendix B are
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0

and

K - K
C = 0

S‘SO

The number cf terms in the converging Xg series used to limit the relative error to a
maximum of 1078 is

n=35 x§{+5 (14)

For (R - RO)/RO; < 0. 21, the following series form should be used to calculate the
'/R RO - 1 term in equation (13)
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In the limiting case of a cone hecoming a cylinder, the preceding equation breaks down
even though there is a physically meaningful path component perpendicular to R. The
problem can be eliminated by multiplying both sides of equation (B36) by R so that a
physically meaningful component in the same units as R can be comput.d directly.
Thus, in the general subroutine EPSLON the calculated components are always AR and
R A¢, where the radius associated with Ae¢ is the conic radius ai the terminal end of
the path (end opposite the path reference or beginning).

Blade-element layout parameters. - Subroutine CONIC contains the logic for layout

of a two-segment blade element on a cone. The information for a blade-element layout
comes from input data and the velocity diagram interfacing calculations. The param-
eters specifically used for a layout are listed here and illustrated in figures 1 to 3:
(1) Layout-cone half-angle, o
(2) Blade-element chord c¢, where the chord line is tangent to the blade-edge circles
on the pressure side and the chord length is measured to the outer tangency
points of the edge circles
(3) Cylindrical coordinate radius at the most forward axial point on the leading-edge
circle, e
(4) Leading-edge blade angle on *he cone, Kle
(5) Trailing-edge blade angle on the cone,
(6) Ratio of leading-edge-circle radins to chord, 'le/c
(7) Ratio of trailing-edge-circle radius to chord, tte/c



(8) Ratio of maximum thickness to chord, lm’ ¢

(9) Chordwise coordinate location of element centerline trarsition point as a fraction
of chord, ¢ €

(10) Chordwise coordinate location ¢ element centerline maximum-thickness point
as a fraction of cherd, Cpy/ ©

(11) Ratio of first- to second-segment path distance derivatives {dx ds), Cl,"C2

Definition of blade-element centerline. - The objective of the first phase of iayout is
to establish the centerline between the edge-c.rcle centers (figs. 2 and 3). The length
of a blade element i3 only known initially through the input chord; so the centerline-path
length to the transition point and the trailing-edge-circle center are not known. The
chord could be expressed as a function of R and €, but the angular coordinate ¢ is a
complicated function of k and s. Thus, there would be no direct way of solving for
the desired centerline-path length s. So a different approach is required.

The approach used is to estimate the centerline-path lengths so that s becomes the
independent variable in the computation of chord. Adjustments are then made in the s
values to converge the chord and transition-point locations to the specified values.

Thus, the general procedure, which is in subroutine CONIC, is an iterative predictor-
corrector method on the first-segment and overall centerline paths to give the input
transi. “n-point location and chord for the specified Kler Kter and Cl/CZ'

The first estimate of the blade-element centerline-path length is essentially that of
a circular arc laid on the cone to meet the specified end angles in this unwrapped state.
The path length corrections for succeeding iterations are the transition-point-location
and chord relative errors, which are simply linear corrections. Since the initial path
length approximation is a good one, only three or four iterations are required to con-
verge tae computed chord to within the relative error tolerance of 10'6.

Within the iterative procedure, some specialized computer subprogramns are called.
Subroutine EPSLON gives the conic coordinate changes AR and R Ae¢ associated widh
a path length s and the « angles at the ends of the path. To relate the path distances
to chordwise component distances, two other subroutines were used. One is TANKAP,
which calculates the constant-angle path between two points in the conic coordinates R
and €. It is used here for the purpose of establishing the chordwise direction. The
other subroutine is RPOINT, which finds the intersection of a constant-angle path
through a point at a given slope with a perpendicular path line through a second point.

This routine is used here to find the chordwise component of the element transition
point.

When the centerline path is established, the next step is to locate the maximum-
thickness point cn the centerline with respect to the transition point (fig. 3). The re-
lation of cm/c with respect to ct/c establishes on which segment the maximum-
thickness point is located. In addition, it gives an approximation of the path distance
to the maximum-thickness point. Subroutine RPOINT is used to locate the maximum -




thickness pouind 10 an jterndiv s setup sincilars o *hat used to lo. te the transition point.
convergess o o the path dizfane 2 whisn places e amansn ' -thickness point at tie =nec-
ified Iocarion takes about three 3 craticne

Definuuon of blade-element surfaces. - The tirs: wott o be estublishe2 un «ither
biade-clenent surface lies at the end of the maximumi-thickress path. 'This point is cne-
hali the element maximum thickness 1n length alorg a curved path of constant « angile
which is normal to the centerline at the maximum -thickness point (see fig. 3). A gen-
eral thickness path is likewise perpendicular to the blade-element centerline and is a
curved path of constant «k angle. Only at the maximum-thickness point, however, is
the surface path angle perpendicular to the thickness path.

'
i

At the ends of a blade element, the surface curves are tangent to the end circles.
The conditions of a k  vn surface angle at a fixed point and tangency to a specified side
of a given fixed circle are suffi~ient to establish a surface path. In this case, the par-
ticular path is the one from the surface maximum-thickness point to the end circle of
the same segiient.

The surface curve constants are established through an iterative procedure in sub-
routine SURF. In it, a good first approximation of the surface camber difference from
that .. ti.-- centerline is used. In essence, this approximation is a circular-arc repre-
sentatiun o” the change of thickness for the path. With a good first approximation of the
surface curve end ., the end-circle tangency point is usually located within a 10‘6 rel-
ative error tolerance in three iterations.

The transition point on a surface lies on a thickness path through the centerline
transition pcint. It is located at the intersection of a surface curve with this thickness
path. Sufficient information exists to calculate the intersection coordinates and surface
angle by using only the established surface curve through the surface maximum-thickness
point. This calculation is . ade in subroutine TRAN. Since the segment end-point co-
ordinates and ungles are common 10 both segments at the transition point, sufficient in-
formation is then available to establish the surface curve for the other segment. Sub-
routine SURF is again called for this computation.

With appropriate signs on the thickness-path directions, these procedures are used
to calculate both the suction- and pressure-surface curve constants dc/ds for each
blade element. In each case, it is necessary to begin the surface calculations with the
segment on which the maxima-thickness point is located to have sufficient definition
conditions. When the maximum-thickness point is specified to be coincident with the

transition point, the procedur= simplifies because the surface transiticn-point calicula-
tion is not needed.
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Blade-Element Stacking

Stacking-lire lean to balance stress. - The mechanical as well as aerodvnamic as-
pects of design must be considered in blade-element design - and especially in stacking.
The centrifugal force associated with the rotative speed of turbomachinery imposes
significant tensile stress. Additional stresses are produced by bending and torsional
moments with steady flow conditions. When bending and torsional oscillations are also
considered, the corabined stress is often too high for adequate life at some locations in
turbomachinery blading. It behooves the designer to do what he can to generally lower
any component of the combined stress to minimize the amount of aerodynamic configura-
tion compromise for stress reduction in specific applications.

The one component of stress which can be changed with little or no aerodynamic
compromise is the component from steady-state bending moments. These bending mo-
ments have two principal sources. A moment results from the blade forces associated
with the change of anguiar momentum of {low acting with a lever arm in the spanwise di-
rection. This moment, for the most part, is established by the weight flow and the
change in momentum. So it cannot readily be changed to control bending moments. The
other bending moment in rotors resuits from the centrifugal force on each element of
blade mass acting with a lever arm, which is offset from the radial projection of the at-
tachment or root area. Since the centrifugal forces are high, significant moments occur
with small offset. Thus, by stacking to control an '"'average'' centrifugal-force lever
arm in rotors, it is possible to minimize either the bending moment from centrifugal
forces or ‘he combined centrifugal-force and gas bending moment for some operating
point.

For monient calculation, it is convenient to have blade forces which are resultant
components for a blade cross section. If the type of blade cross section selected is de-
scribed by a constant cylindrical coordinate radius, the centrifugal force per unit of
mass is constant. So the resultant radial force (centrifugal fo:ce) acts at the center of
area of the blade section with an incremental but constant radial thickness. The mo-
ments resulting from the blade forces are then established by lever arms associated with
the location of the blade-section center of area with respect te the reference stacking
roint at the blade-root attachment point. For a blade, the path or line through the refer-
ence stacking point and the blade-section centers of area is the stacking line.

Reference locaticns for blade sections in stacking. - The "'stacking line'' reference
point is the center of area of the hub section. Ir the computer program, it is set by the
input data. The radial line in the turbomachinery cylindrical coordinate system which
passes through this stacking-line reference point is called the ''stacking ray'' for blade-
section location. Notice that the stacking ray is always radial, while the stacking line
can be leaned in both the 2z and 6 directions.

11
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The axial and tangencial coordinate origins of the cylindrical coordinate system are

on the stacking ray. The axial coordinate 2 1s posiive in the turbomachinery through-
flow direction. The anguiar coordinate - is positive in the sume dircction as Re in
the conic coordinate system used for blade-element definition.

In the blade-element-definition computer subroutines, the input angles are relative
values for rotors and absolute values for stators. These blade-element-definition sub-
routines operate with no distinction between rotors and stators. So the conic coordinate
¢ is positive 1n the same direction as the blade input angles. Since the relative and
absolute blade angles are defined to be positive in opposite directions from the axial
reference, the ¢ values for rotors and stators are also positive in opposite directions.
This difference 11ust he recognized in stacking. For rotor blade elements, ¢ decreases
in the direction of rotation; but for stator blade elements, 5 increases in the direction
of rotor rotation.

Blade-section points by interpolation across blade element. - The previously dis-

- ussed blade sections of constant centrifugal force would be defined on cylinders. The

actual blade sectioins used in the program are defined on planes perpendicular to the
stacking ray. There are two reasons for this. First, the annular extent of axial-flow
cumpressor blading s low enough so that the layout part cf the cylinder is at most only
an incremental distance from the tangential plane. Second, the output fabrication co-
ordinates are desired on planes. So by using planes for stacking alinement too, only
one type of blade section needs to be found.

The blade-section planes used for stacking alinement purposes pass through the in-
tersection points of the blade #lements with the stacking line. The blade-section shapes
on thie e plan - are described by interpolation across blade elements. The preparation
steps for the interpolation are (1) conversion of the conic coordinates, which are nor-
malized to chord, to actual size; (2) selection of points on the blade-element surfaces
across which the interpolation will be made; and (3) conversion of the blade-element
puints from their defining conic coordinates to a common coordinate system for all
blade elements. The coordinate system used is the cylindrical coordinate system with
the stacking ray as the origin of the 7 and z directicns. The coordinate conversions
to this system are the function of subroutine POINTS.

The blade-element points used for interpolation are located at the following fractions
of surface distance from the tangency point of the leading-edge circle to the tangency
point of the trailing-edge circle: 0.0, 0.05, 0.12, 0.2, 0.3, 0.4, 0. 5 0.6, 0.7, 0.8,
0.88, 0.95, and 1.0. The coordinates of the transition point between segments on each
surface are also included. The interpolation curve used is a piecewise cubic across
four blade elements. With the exception of the transition point, each curve fit is through
points of the same fraction of surface distance. Thus, for each blade-section point,
separate interpolations are made in the axial and tangential directions. In the interpola-
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tion process, the tangential coordinate is converted to a Cartesian coordinate on the
blade -section plane.

The form of the cubic equation is specialized in the sense that one of the interior
known points is used as a vero reference for the independent variable. The reason for
it is that there is much better computational accuracy and much less change of computa-
tional difficulty when a curve-fit interpolation can be made near the independent variable
origin. The development of this cubic interpolation equation is shown in appendix C.

A sequence of four adjacent blade elements is always used for each interpolation.
Whenever possible the interpolation is between the center two points of the set of four
for the cubic fit. Near the ends of the blade, it is necessary to interpolate between the
outermost points and in some cases to extrapolate when the blade section is outside all
blade elements. The interpolation routine is INTERP.

Spline fit of blade-section surface points. - A blade-section surface is defined by a
comp:ete set of 28 interpolated points on a plane normal to the stacking ray. One ad-
vantage of interpolation in both the z and v directi~ns is that the end points of a sur-
face set on the blade-section plane can be considered as the intersections of the surface
curve with the end circles. To determine good blade-section area and moment values,
it is necessary to curve fit these points. A spline curve fit was selected for its charac-
teristic smoothness at the junction points of the piecewise-fit curve through the points.
The experience has been that the points are indeed smooth enough for a nonwavy spline
fit of each surface individually. A number of things were done, however, to help ensure
a good spline fit. A discussion of the concepts follows; but a more detailed discussion,
along with the development of equations, is given in appendix D.

A spline fit maintains a linear second derivative between points, not a linear curva-
ture. As long as the slope of the curve is reasonably low, the difference is not very
significant. So to maintain nearly the linear relation on curvature too, it is desirable
to spline curve fit only where slopes are low. To help facilitate this concept, before
curve fitting, the blade-section coordinates are rotated to an independent axis which is
parallel to the line which passes through the first and last pressure-surface points. At
the same time, the blade-section coordinates are translated to the coordinate origin,
which is at the stacking-line intersection. The blade-section coordinate systems are il-
lustrated in figure 4.

The spline curve fit uses separate cubic equations between adjacent points of a set,
with the joining condition being continuous slope and second derivative at the points. To
have sufficient conditions to define a spline, it is necessary to specify a coadition at each
end. The blade elements have constant-curvature paths by definition. So unless the cone
angle is quite large in magnitude, the blade sections will also have nearly constant cur-
vature. Thus, it would seem reasonable to use constant curvature ac the end conditions.
The first and second derivatives were not available in a direct way from the matrix so-
lution for the spli. coefficients, so a relation was approximated beforehand. To set
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nearly constant-curvature ends foi the spline, a circular-arc fit of the three end points

in the rotated coordinates was uscd to establish the ratio oi second derivatives between
the last two increments. This is the function of subroutine ARCS.

In general, blade elements have a discontinuity in curvature at the surface transi-
tion point, so an interpolated blade section should have a corresponding discontinuity.
The allowance for this capability with a spline curve fit requires a modification because

a general spline has continuous curvature from beginning to end. The modification was
accoraplished by placing the transition peint in its proper place in each of the surface
arrays and then replacing the condition cf continuous curvature at that point with a sub-
stitute condition. The resuiting conditions imposed at the transition point are continuous
slope and a curvature ratio based on a three-point finite difference calculation for each
side of the transition point. The curvatures are for the adjacent points on either side

of the transition point. Since the curvatures are relatively constant along a segment in
the plane section, the situation of unequal distance from the adjacent points to the tran-
sition point is not of major consequence. The curvature ratio relation across the tran-
sition point by this technique is

g 2 3/2

yl' 1 + y! _ yn

R = k+1 k-1 _ T4 (15)
17 2 y|l
Tk-1 01+ (v}, t(-)

The ratio y{i+)/y'tz_) is also the curvature ratio since the slope is the same on both
sides of the transition point. In actuai usage in the program (subroutine SPITG), the
value C R Vas smoothed by using the 0.7 power with the same sign.

The imposition of this condition in the center of a spline makes the usual tridiagonal
matrix solution more complicated. The usual Gauss elimiration of variables from one
end of the curve to the other end, followed by backward substitution to get the y'' ar-
ray, is unsatisfactory for a general location of the transition point. A way to avoid most
of the complication is to use the Gauss elimination from both ends to the transition point.
Then equation (15) supplies the added condition needed to fix the two y'"' values at the
transition point. The rest of the y'' values can then be calculated by backward substi-
tution in each direction from the transition point.

Once the spline coefficients are established, mathematical expressions exist for
general surface-point definition. Areas and moments for the spline pieces can then be
determined from the appropriate integrals of the surface equations. A separate integra-
tion is performed for each surface curve from y =0 to the curve. The integrations and
the reculting equations are presented in appendix D. The major part of a blade section's
areas and moments are accounted for by subtracting all the pressure-surface integrals
from the suction-surface ones. However, to get accurate sectionhvalues, the end-circle
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contribution niust be included.  The specific preces used in the end region are shown in

ficure 9. The twice-covered arcas in the figure are arcas cancelled i summation.

Lines perpendicular to the surfaces through their respective eng coints do not nec-
essarily intersect at a pont equidistant from the surface end points.  For the purposes
of describing an end-circie center, surface continuity, which implies the center point
is equidistant from each of the surface points, 1s desired. o rface tangency to both sur-
faces at the end points, however. cannot then be satisfied. The compromise used is an
equal-angle discrepancy between the »nd circle and each of the surface curves at the
surface end points, as noted in figure 5.

The end adjustment consists of the sector of an end circle plus the two trapezoidal
shapes which fill in the part between the spline segments and the end circle. Area and
first-moment corrections for a blade-section end are made in subroutine ENDS. The
routine gives positive numbers for the leading-edge correction but negative numbers for
the trailing-edge correction. The equations used in the subroutine are developed in ap-
pendix E.

Stacking adjustiments to blade elements on cone. - The bladz-section area and first
moments obtained from the piecewise summations are used to determine a new center
of area for the blade section. The location of the center of area from the stacking-line
intersection of the blade section is a stacking adjustment increment. The actual ad-
justing is done by translating blade elements on the surface of the cone. So it is neces-

sary to relate the blade-section adjustment increment on the plane to the blade element
on the cone. From the definition of a blade section, the blade-section plane and the as-
sociated blade- element surface are known to intersect the stacking line at a cominon
point. The common stacking point simplifies the stacking adjustment relations to the
application of direction derivatives to suitable components. The geometry associated
with the stacking shift equations is shown in figure 6.

On a blade section, Ax and Ay (fig. 6) are directly known from the area and mo-
ment equations. The axial and normal components are

AZ = AX cos y - Ay sin ¥ (16)
An = AX sin y + Ay coS y (17)
The axial blade-element shift is related to the similar blade-section shift in figure 6 4
by
Az = Aze(l - tan « tan 1)
so that
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A7 ~7 (18)

()
1 - tan «y tan

In the tangential direction, the normal component on the blade section An is applied
directly to the blade element (r A in fig. 6). This application is not mathematically
correct, but it is sufficiently accurate to be used in an iterative adjustment procedure.
One assumption in the tangential adjustment procedure is that a small distance along the
tangent in the circumferential direction is the same as the projected distance in the v
direction on the blade element. A second and less satisfactory assumption is the neglect
of tanzential-stacking-axis lean. With such lean, the blade section will not be tangent
to the blade element at the stacking point. However, because of high centrifugal force,
the stacking-axis lean of rotors must be small; so this angular difference is small.
Thus, for rotors for which good stacking control is desired, the tangential shift assump-
tions are always good. For stators, the main concern is the convergence of the itera-
tive procedure for stacking adjustment. The shift increment is in the correct direction
and is of satisfactory magnitude for at least moderate lean angles. One stator design
with 45° tip-tangential-stacking-axis lean still had good stacking-axis convergence.

The stacking adjustments are used in two different ways. First, both the leading-
and trailing-edge axial and radial coordinates are adjusted. The axial coordinates are
shifted by A'Ze, and the radial coordinates by A-f'e where

A;e = AZE tan o (19)

The second shift application is to the blade-element chordwise and normal component
distances from the leading-edge-circle center to the stacking point. These component
distances normalized to chord are maintaineua during iteration. The reason for them is
that the iteration loop between stacking includes several other blade-angle or stacking-
axis-lean adjustments which influence the blade-element edge locations. The normal-
ized chordwise and normal coordinates are useful for the next iteration location of a
blade element on the cone because these shifts are reiatively invariant with the other
shifts.

The adjustment procedure is based on the assumption that the shift of a blade ele-
ment has the dominant effect on its associated blade section. In general, this dominance
exists to a high degree, and the iterative procedure is highly convergent. However,
this dominance no longer exists when a blade secuon crosses the ends of neighboring
blade elements since, through interpolation, the r.eighboring blade element con:rols the
blade-section end. So when a neighboring blade element intersects a blade section, the
stacking procedure is nonconvergent. Such a situation can exist if closely spaced
streamlines with large slopes are used.

16




Since nonconvergence of a possible design case 1s not desirable, some effort was

made to extend the range of convergence. The apprvach was to make the blade-element
shifts a function of the local and neighboring blade-section shifts.  The influence coeifi-
cients were based on blade-section piecewise area and relative distances to adjacent
blade elements. For the most part, the effort was unsuccessful and, consequently, it is
not used in the program.

Stacking convergence problems can generally be avoided by judicial spacing of the
blade elements in the design. As long as the ends of blade elenients do not extend more
than approximately one-hali the distance to the next blade section, there is good stacking
convergence. Once the blade is stacked, however, coordinates for clocely spaced blade
sections can be calculated for terminal calculations.

Balancing of bending moments. - The blade-element stacking procedure is controlled
in subroutine STACK. One other major function of STACK is the balancing of bending
momer 3. If the balance option is exercised by the specification of a blade material den-
sity, the steady-state rotor gas bending .numents in the axial and tangential directions

will be balanced by a centrifual-force-on-blade-mass moment which is induced by
stacking -axio i¢an. (Moments in the meridional plane are illustrated in figure 7.) In
the balancing nrcce dure, the blade mass moment is set up as a functional relation of
blade lean. The equations for this are developed in appendix F. The major moment
contribution 1s usvally the blade-section center-of-area offset from a radial line. How-
ever, with a tapered tip the wedge-shaped excess and decrement masses from the tip
blade section muake significant contributions because their centers are relatively much
farther from the stacking axis.

The steady-state gas bending moments to be balanced are calculatec in subroutine
GASMNT. The approach used is the change-in-momentum principle. The momentum
boundaries in the meridional plane are the edge of the blade and the nonattacned end of
the blade (fig. 7). The state condiii.ns and velocities on the boundaries are drawn {from
the input and interfacing calculation. Thfi moment arm for both the gas-bending and
blade-mass-centrifugal-force moments is referenced to the blade-element midradius
value rp on the blade attachment end.

Interfacing to Blade Edges

Velocity diagram corrections to blade edges. - input fluid-state properties and ve-
locities are given for fixed locations near the edges of blade rows. Streamline slopc
and/or streamtube convergence cause flow conditions to change from the input reference

locations to the blade edges. To maintain t!.. desired degree of design control over
specification of blade-element edge angles, it is necessary to account for the flow
changes between locations. The two assumptions used for those velocity diagram cor-
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rections were (1) conservation of angular momentum along a streamline with local slope
between a reference station and a blade edge and {2) flow continuity from local stream-
tube convergence. The blade-edge locations are not firmly established until the final
stacking iteration, so the velocity diagram corrections are made for every iteration.
Velocity diagrams at the relerence locations are used for the first iteration.

Incidence and deviation angles. - In subroutine BLADE the inlet blade-edge velocity
diagram is related to the physical blade through an incidence angle, and similarly the
outlet blade-edge velocity diagram is related to the blade trailing edge through a devia-
tion angle. The incidence angle can be specified through input options in five different
ways, and the deviation angle can be specified in four ways. Two of the respective inci-
dence and deviation options are the two- and three-dimensional values of reference 2.
The parametric curves in reference 2 that are used for the determination of the inci-
der ce and deviation values were {fit with equations which yield values within at least
3 percent of those from the curve. The third incidence option is a specified zero inci-
dence on the suction surface at the edge-circle tangency point. The remaining two inci-
dence options are tabulated values which can be referenced to either the leading-edge
centerline angle or the aforementioned suctien-surface angle.

The input wicidence angles in some cases can be overriden during iteration by choke-
margin option considerations. Since the inlet area of the blade-to-blade channel is a
function of incidence angle, a speciiied choke margin can sometimes be achieved through
a reasonable variation of incidence. If the blade-to-blade channel inlet choke margin is
less than a specified (greater than zero) value, the input incidence angles will be ad-
justed to a limit of +2. 0° on the suction surface to achieve the specified choke margin.

The third deviation-angle option uses tabulated values referenced to the trailing-

edge centerline angie. The remaining deviation-angle option is a modified application of
Carter's rule

6= o (29)

where ¢ is the camber of the blade element which has an exit axial velocity equal to the
inlet axial velocity and an equivalent angular momentum change at a constant radius e
The definition of m is

. \)2. 175-0. 03552 y+0. 0001917 52

m = (0.219 + 0.0008916 ¥ + 0. 00002708 y2)<-—a— (21)
c

where the blade setting angle y is in degrees and the ratio ca/ ¢ is the fraction of
chordwise distance to the maximum camber heig’.. point. The modification of m ac-
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counts for the deviation-angle ¢cnange associated with the different turning rates on the
two segmen’s of a blade el_z1nt. For a double-circular-arc-type element. m has the
same value as that determined by the classical Carter's rule.

Blade-edge-angle corrections to layout cone. - The last interfacing step relates a
blade-edze angle at local streamline slope to a biade-edge angle on the layout cone at
that same point. When the inlet and outlet streamiine slopes differ significantly, the
layout-cune slope must 1lso differ significantly {rom at least one of the edge slopes. The
angle difierence can be properly accounted for through the use of two nonparallel direc-
tivn derivatives. The selected directions as viewed in the meridional plane are the
streamline m2ricional and the radial. The direction derivative in the strearline me-
ridional direction is obtained directly from the bhlade angle. However, to get the radial
derivative it is necessary to fit across adjacent blade elements. The desired derivative
could have been calculated from a curve fit of points from interpolated and extrapolated
blade-element definition curves for a common axial location, but the interpolations and
extrapolations were avoided with another approach. The blade-end-circle centers are
already calculated with a common reference in subroutine POINTS so that they can be
curve fit directly and converted to the radial directional derivatives by the methods
shown in appendix G. In the program, the curve fit for the edge derivative in the merid-
ional plane was done in subroutine POINTS, and the conversion to the radial direction
was done in MAIN. For the first iteration, the radial direction derivative is set to zero.

Terminal Calculations

Once the blade geometry is established, the terminal calculations convert the infor -
mation into a more convenient form for further analysis and further application. First,
the computed flow parameters at the blade edges can be analyzed by the user to judge
the practical’ly of the obtained aerodynamic design. Second, the output gives good aero-
dynamic forces and geomelry parameters for mechanical design analysis of stresses and
natural frequencies. Finally, suitable coordinates for blade fabrication are given.

Aerodynamic parameters. - Most of the aerodynamic parameters of interest are
available from the last blade design iteration. The design-point choke margin is the
major terminal calculation of an aerodynamic nature. The choke margin at the blade-
channel inlet has been calculated and possibly was adjusted during the iterations if the
choke-margin option was exercised. Adjustments for better margin at other channel lo-
cations were not programmed because, in general, it was not obvious what adjustments
the designer would have chosen. Thus, the minimum blade-element-channel choke mar-
gins along with their locations are calculated and printed as terminal calculations so that
such evaluations and adjustments can be made external to the program.
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local hohe ouaran is defined as the ratis of available flow area above the choke
flow area to the chohed flow area, or (A A*) - 1. Thus, the minimum choke margin for
a blade cienient corresponds o the local minimum A A* for the covered channel
formed by twu adjacent blades.  The lecal minimum A A* 15 calculated with an itera-
tive procedure in sabroutine MARGIN. The first two calculations for A/A* and its de-
rivative with meridional distarce are at the channel ends. The next location for an A/A*
calculation 1s the minimum of a cubic curve fit to the conditions of two values A,/A* and
the two slopes d(A,A*),/ds at the end points. Succeeding iterations use the value and
slope of the last calculated point along with the corresponding values of an end point.
An A/A* value is accepted as a minimui© . -n the magnitude of the slope is below a
tolerance of 0. 001.

The ratic A/A* is obtained from three other area ratios.

A Ale A’.kle

rellves vol W 22
A \A A\ A

The choke arcus are based on relative flow conditions for rotors since the rotating chan-
nel is controlling the choke situation.

The term A/Ale is a ratio of physical areas. It is obtained from ratios of dimen-
sions in two directions. The first dimension direction is normal to the flow direction on
the blade-element layout cone. At the inlet it is the product of blade inlet spacing and
the cosine of the relative flow angle. In the channel the distance is measured on the lay-
out cone from the suction surface of a blade element to the pressure surface of the ad-
jacent blade element. The path is normal to the average of the local blade-surfac>
angles.

The second ratio of dimensions needed for A/Ale comes from the rate of stream-
line convergence. The ratio is obtained from the radial spacing of blade elements and
the direciion-angle differences of adjacent layout cones. The local application point for
this ratio is the midpoint of the blade-to-blade distance path.

The second area ratio in equation (22), A1 e/AIe’ is obtained directly from the inlet
relative Mach number and the associated equation for compressible gas flow (ref. 3).

v+1
- 2(y-1)
A 1+1 ! (Mie)z
___i_e_ _ 1 2 (23)
Ale le y +1
2
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The approach to the value of the third area term 5 cocation (2200 AT AT 18 to beun
with relative flow continuity
R Cwyrer \t }’ ‘.': = 24)
,;\r A it V'S et l(“’\l(‘ (24

with the result that
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The next step is the introduction of stagnation-state values by multiplication and division,
so that all static properties can be expressed as ratios of static to stagnation values.
These ratios can then be expressed in terms of local Mach number, which is 1 for the
choke values. After cancellation, the equation reduces to

AY T,
_% - P_" J'_e (25)
A P VT
From the definition of relative stagnation temperature, the temperature ratio is
T (v - l)w2 (rz - rfe)
—'—- =1+ . (26)
le 2\"gRTle
The pressure ratio can be expressed as
.
P. P! y-1 P. - P’
P’ i i P _ [T i
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The last term in parentheses represents the blade-element losses from the inlet to the
local point.

The overall blade-element losses can be calculated from the input-data stagnation
temperature and pressure values at the inlet and outlei. The accumulated loss from the
inlet to a local point was presumed to be some part of the total. The approach used was
to break the total loss into shock and profile components. The shock loss was applied at
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the blade-elemsent chamnel entrance, and the profile loss was made a hinear function ot
the distance along the blade cletent. The shock Less was caleulated by niethods similar
to those of reference 4. but with a modiiieation.  The metiinds ot reference 4 approxi-
mate normal shock strenzth at the channel inlet.  Ar the hicher rransoms and supersonic
Mach numbers. this model tends 1o overestimate the actial shock strencth for two rea-
sons. First, the actual shock often becomes somewhat oblique. and so its strength is
lowered. And secondly. the blade-surface pressure gradient will not support a strong
shock. So an apparent strong shock in real flow develops the weaker structure of a
shock foot. Consequently. the relative stagnation pressure loss at the channel entrance
would be expected to be less than that indicated by a normal shock. In an effort to par-
tially spread the shock loss through the channel, the loss at the channel inlet was calcu-
lated as the shock loss reduced by the empirical factor 1 (M;h)?‘. No effort was made
to quantitatively verify this factor from experimental data. It can easily be changed by
the user in subroutine LOSS.

Blade-section forces. - The blade forces, which are computed in the terminal cal-
culations, are of interest for blade stress analysis. Blade forces are determined by the
principle of change of momentum across the boundaries of the surface formed by the
edges of a blade through one revolution. The principle is essentially the same as that
used to calculate the gas forcec in the section Balancing of bending moments. However,
the calculation is slightly different in this case because a local value of force for a radial
blade increment is desired rather than the contribution to a total force or moment. The
radial blade increment is located at the average of the inlet and outlci blade-element

radii. The change of momentum associated with a blade element is considered appli-
cable for the radial blade increment, but the static pressures at the blade-element edges

are interpolated to the radial blade increment radius. Blade force components in the
axial and tangential directions are calculated in M AIN and are given in units of force per
blade and per unit of radial height.

Location of output blade sections. - The terminal blade geometry calculations are
either made in or controlled by subroutine COORD. In general, blade-section data can
be requested by the user where information is desired. There are three optional meth-
ods availabie for this. With one option, the user tabulates the radial locations of the de-
sired blade sections. With the other two options, the blade-section locatiors are se-
lected within the program. With one the user chooses the number of blade sections
desired, but with the other the number is selected within the program on the basis of as-
pect ratio. For either option. a blade section is located at the intersection of the stack-
ing axis with the casing on the blade attachment end. The other blade sections are
spread across the blade span.

Output blade-section coordinates. - The coordinates of blade sections for general
radial locations are described with the use of subroutine INTERP in the same way as
those at the specific locations used for stacking alinement purposes. However, coor-
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dinates for fabrication purposes are desired on a coordinate svstem with a lenath axis

i

tangent to the end circles on the pressure side of the blade and 2 corresponding heirht
axis tangent to the leading-edge circie.  The coordinate values in this translated and
rotuted system are found directly from the appropriate spline-curve-fit scument of the
blade-section definition points,

To ease fabrication layout, the suction- and pressure-surfuace height coordinates
are viven at rounded-number length increments.  Hewght coordinates are also siven at
the end of the blade and for the end-circle centirs. The height values are obtained by
using the desired independemt variable values m the anpropriate surface-definition equa -
tion.

For fabrication, the blade sections are ortented with respeci to the radial e, he
stacking ray, through the hub stacking point. As noted carlier in the section Reference
locations for blade sections i1n stacking, this ray is not necessarily the stacking line.
The coordinates that are used for the alin-ment of blade sections during fabrication are
those of the stacking-ray intersection with the blade-section plane. Those coordinates.
along with the blade setting angle with respect to the axial direction, are the output
given for blade-section alinement. The coordinates for the blade-section center of area,
which is the stacking-line intersection of the biade-section plane. are also given because
they are the reference point ior the output moments of inertia.

For some applications a user may prefer coordinates for the blade sections in the
turbomachinery orientation, so the original blacde-section surface-definition points are
also printed in subroutine BCOORD.

Output blade-section properties. - The blade geometry properties needed for stress
analysis are computed from the blade-section coordinates. The blade-section area and
first-monient values arc ca'culaied in subroutines SPLITG and EDGES as they were in
the stacking iterations. The higher moments « »sired are the minimum moment of in-
ertia and the section twist stiffness, which is uefined in reference 5 as

B = _/'/"(x2 + y2 - 1{2)(x2 + yz)dx dy (28)

where k is the poiar radius of gyration. Since X is the chordwise direction and y
its normal on the blade section, the minimum moment of inertia can be found from Ixx’

and Ixy with
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By expansion of equation (28) intv a sum of integrals, 1t 1s seen that B can be de-

termined from the moments of inertia and I and 1 The equations for

XXXX' IYYYY' XXyy
these monients are develuned in appendix D for the spline pieces. The values are calcu-
lated in subroutine IMOM. The corresponding end-circle moment corrections are calcu-
lated in subroutine ENDS with the equations developed in appendix E.

The other calculated blade geometry parameter is the torsion constant, wh.~h .s de-
fined in reference 6 as

K=" (31)

where

The variable t is the blade-section thickress normal to the blade-section centerline
path u. The equations for expressing t as a general function of u on a blade section
are developed in appendix H. The calculation of F is done in subroutine TORSN.

DISCUSSION OF COMPUTER PROGRAM

The blade design computer program as presented in appendix I is run as a separate
entity from a comp: 2ssor aerodynamic design, but it is structured to be run in conjunc-
tion with 2 compressor aerodynamic design program. The point is made to explain,
first, the double dimensioning where only one dimension is needed and, second, the faii-
ure to save many computed blade-element values. The need for doubly dimensioned
variables arises when this program is run as a part of a composite multistage compres-
sor design program. Enough information must be prescribed to define blade parameters
for an array of blade elements within an array of bilade rows. On the other hand the
number of variables dimensioned was minimized because of comput~r storage limitations
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for the broader mode of operation. .JTust epough information to fully descerive the blade
elements is stored, and all other parameters are calculated from the basic information
as needed.

The overall operation of this program 1< controlled in MAIN.  The other subroutines
of major contrel are CONIC for the blade-element design. STACK for blade-section def-
inition and the stacking adjustment shift, and CDORD for the terminal calculations and
printing. The call sequenrces of the subroutines are detailed in figure 8. The program
variables for the commons and the individuai routines are described in appendix I. The
core storage is about 29 ,00 words. The breakdown 1s 21 200 words for coding, 5000
words for undimensioned and dimensioned variable storage, and 3300 words for systems.
On an IBM 7094 the running time is about 1 minute for a blade row with eight stacking
iterations.

For the first few iterations the stacking shifts for each iteration decrease in size by
almost an order of magnitude. Usually the stacking shifts for all blade elements are
less than 10'5 of blade-element chord within five iterations. However, a specification
of close blade elements with significant streamline slope (see section Stacking adjust-
ments to blade elements on cone) can cause convergence difficulties. Even though the
stacking process for a troublesome case may not end up convergent, the blade-element
shifts in the beginning usually become smaller for the first few iterations and then di-
verge. The stacking shifts may be low enough after some iteration that the user may
want to consider the stacking well enough converged. To give the user the {reedom to
make this judgement, the program is set up to always run eight iterations with the blade-
element stacking shifts printed for each iteration. The shifts relative to the blade-
element chord are DM in the meridional direction, which is along the ray of the layout
cone, and DY in the tangential direction. If the user decides to terminate the iteration
process at sonie other number of iterations, he can most easily do it in MAIN by chang-
ing ICONV to 2 on the desired ITER number. The particular staicment lies between the
statements with external formula numbers 900 and 920. When the logical parameter
ICONYV is set to 2, the terminal calculations are activated on the next iteration.

Input Data

The input data are read and processed in subroutine INPUT. The card format for
the data is shown in appendix I. The input parameters and the options they represent
are listed and described together as a group in appendix I, even though the parameters
are mentioned agair in the description of variables for the routines. The input data es-
sentially consist of inlet and outlet station information for describing velocity diagrams
and parameters for blade-element description. The velocity diagrams are located and
described with radius, axial location, axial velocity, tangential velocity, streamline
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slope, stagnation temperature, stagnation pressure, and rotational speed. The molec-
ular weight of the gas and the coefficients for a fifth-degree polvnomial of specific heat

as a function of temperature are input for the velocity diagram corrections to the blade
edges.

The blade stacking axis is initially located by the user with cocrdinates at the hub
and tip in the meridional plane and a tilt argle in the t. ngential direction. The stacking
line may later be adjusted for rotors by using an option to balance gas bending moments
with the bending maument induced by centriiugal force on a leaned blade. The blade chord
at the tip is specified indirectly through the number of blades and the solidity at the tip
radius. The chords at other radii are specified through a cubic polynomial of chord to
tip chord as a function of the fraction of passage height. The blade-element leading-
and trailing-edge radii and the maximum thickness are input as a fraction of chord. The
radial distributions of these parameters are specified as cubic polynomial functions of
the local fraction of passage height. The blade-clcment incidence angle, the deviation
angle, the location of the segment transition point, the turning-rate ratio of the seg-
ments, and the location of the blade-element maximum point are controlled by input op-
tions. The available options for these variables are described in the discussion of input
data parameters AA, AB, BB, CC, DD, EE, and EB in appendix L.

Printed Output Data

The printed output includes the input data with the asscciated options selected, the
blade-element stacking shifts during iteration, and the results of the terminal calcula-
tions (see the example in appendix I). For the most part the information is printed
shortly after the calculations are made, so the output data appear in the order of the
program steps. The input data and the stacking shift information have previously been
sufficiently discussed, so only the terminal calculation output is further explaiued.

The first page of terminal calculation data gives the blade-element edge locations
in the meridional piane and the velocity component corrections at the blade edges. The
second page of terminal calculation data gives blade-element parameters and blade force
distributicns. The blade-eler:ent parameters are listed here. Some of them are shown
in figure 3.

(1) Ratio of leading-edge radius to chord, rc’ 1e/c

(2) Ratio of maximum thickness to chord, tm/c

(3) Ratio of trailing-edge radius to chord, r e, te/c

(4) Ratio of maximum ~-thickness location to chord, cm/c

(5) Ratio of transition-point location to chord, ct/ c

(6) Ratio of segment inlet to outlet curvature, Cl/C2

(7) Suction-surface change of angle of the first segment, K, - Kts’ deg

%ﬁyg% ‘-‘




(8) Blade setting angle, - . deg

(9) Blade-element solidity, o

(10) Blade-element aerodynamic cherd, ¢, in.

(11) Ratio of maximum-camber-point location to chord, ¢,/ C
(12) Incidence angle, i, deg

(13) Incidence angle to suction surface at leading edge, i
(14) Inlet relative flow angle, Bl deg

(15) Inlet blade angle on streamline, Kle, st?
(16) Inlet blade angle corrected to layout cone, Kie® deg
(17) Deviation angle, 6, deg

(18) Outlet relative flow angle, e deg

(19) Outlet blade angle on streamlire, Kie, st’ deg
(20) Outlet blade angle converted to layout cone, Kie®
(21) Centerline blade angle at transition point, Kgs deg
(22) Shock location as fraction of suction surface, fs
(23} Covered channel as fraction of suction surface, fc

s deg

deg

deg

(24) Minimum choke-area margin in covered channel, (—é‘; - 1)
min

(25) Location of minimum choke point as a fraction of covered-channel centerline
path, f

(26) Blade force components (axial and tangentia} tabulated with radius), lbf/
(radial in. )(*lade)
The blade-section properties are given in two forms. First, blade-section coor-
dinates in the chordwise and normal directions are listed in a form suitable for fabrica-
tion layouts. And second, the blade-secton definition points are listed in the turboma-
chinery orientation. In thz headings for the {irst set of coordinates the following
blade-section properties are given. The coordinate system for the blade-section output
data is illustrated in figure 9.
(1) Radial location of blade section, r sp’ in.
(2) Stacking -point coordinates
(a) Length along chord, L, in.
(b) Height from chord line, H, in.

(3) Blade setting angle from axial direction, y, deg

(4) Center-of-area coordinates
(a) Length along chord, L.,
(b) Height from chord line, H

(5) Area, A, 3q in.

(6) Minimum moment of inertia through center of area, I .., in. 44
(7) Maximum moment of inertia through center of area, Imax’ in.

{8) Minimum-moment-of-inertia setting angle with respect to axial direction, Tp deg

in.

ca’ in.
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{9) Sec.ion torsion constant, K. in. 4
(10) Section twist stiffness, B, in. 6

In addition to printed output, it is sometimes convenient to get output in other forms
with the use of available computer perigheral equipment. On the NASA Lewis computer
the program is set up with output options through the input variable OPO to give the fab-
rication coordinates on punched cards and on microfilm. Subroutine BLUEPT has the
coding which controls the microfilm plrtting. It was vriginally developed for the program
in reference 1 by David Janetzke and Gerald Lenhart. Since the system microfilm sub-
routines called will not be applicable on another computer, a discussion of the specific

function of these systems library subroutines is given in appendix J to help in the conver-
sion to another facility.

Lewis Research Center,

National Aeronautics and Space Administration,
Cleveland, Ohio, June 29, 1973,
501-24.
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APPENDIX A

SYMBOLS

blade-section area, sq in.; also channel cross-sectional area norma’ to flow,
sq in.; also a constant during a mathematical operation

constant during a mathematical operation; also acceleration, ft/sec2

blade-section twist stiffness, in. 6; also a constant during a mathematical operation

constant during a mathematical operation

segment biade angle with path distance derivative d«/ds or curvature which is con-
stant for the segment, in. '1; also a constant during a mathematicai operation

blade-element chord on layou’ cone (includes edge-circle radii), in.; also a con-
stant during a mathematical operation

constant during a mathematical operation
constant during a mathematical operation
development constant in appendix D

U3

t3 du, in. 2

blade-section property integral, / , also force, 1bf
0

fraction of total s. .ion-surface path; also constant expressed by eq. (D13)
location of miniiaum choke point as fraction of covered-channel centerline path
gravitation constant, 32.1740 lbm-ft/lbf—sec2

height (normal) coordinate on blade section, in.

development constant in appendix D; also blade-section effective thickness for mass
moraent, in.

mom :nt of inertia, in. 4

incidence angle, deg

total number of streamlines

streamline index

blade-section torsion constant, in. 4

radius of gyration, in.

length (chordwise) coordinate on blade section, in.
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moment lever arm, in.; also path of stacked-blade-element end-circle centers,
in.
Mach number; also total moment, in. -1bf

coefficient for Carter's rule for deviation angle; also mass, siugs; also merid-
ional component distance, in.

number of 3eries terms; also coordinate in tangential direction, in.
stagnation pressure, lbf/ft2
static pressure, lbf/ft2

radial coordinate on blade-element layout cone, in.; also gas constant, lbm-ft/
Ibf-°R

radius coordinate in cylindrical coordinate system, in.; also end-circle radius,
in.

path distance on blaae-element layout cone, in.

stagnation temperature, Or

static temperature, OR; also blade-section local thickness, in.

blade-section centeriine length, in.

increrment along blade-section centerline, in.; also functional variable

velocity, ft/sec

functional variable

functiona! variable expressed by eq. (B9); also a redefined independent variable

functional variable expressed by eq. (B7)

value expressed by eq. (B31)

value expressed by eq. (B25)

functional variable, usually the independent variable; also blade-section coordi-
nate in chordwise direction, in.

dependent functional variable; also blade-section coordinate normal to chordwise
direction, in.

axial coordinate in cylindrical coordinate system, in.
layout-cone haif-angle, deg; also functional angle variable, deg
relative flow angle, deg

blade setting angle, deg; also ratio of specific heats

{{jm:‘a&*‘» L

i;a«,a;
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& deviation angle, deg

€ angular coordinate on blade-element layout cone, rad

n stacking-axis 'ean in circumferential direction, deg

8 angular coordinate in cylindrical coordinate system, deg; also angular coordinate

on end circle, deg

K lucal blade angle with respect to conic ray on blade-element layout cone, deg

A stacking-axis lean angle in meridional plane, deg; also angle of line through corre-
sponding points on suction and pressure surfaces of a blade section with respect
to normal to chord line (fig. 19)

¢ dummy angle variable, rad

p gas density, lbm/ft3; also blade material density, 1bm/ft3

o} blade-element solidity

@ camber of blade element which has equivalent angular momentum change at con-
stant radius, e deg

w angular rate of rotation, rad/sec

Subscripts:

a moment associated with axial and radial forceec acting with iever arms in merid-
ional plane (fig. 7); also chordwise location of maximum camber point of blade-
element centerline

ba  moment produced by axial gas bending forces acting with radial lever arm from hub

bt moment produced by tangential gas bending forces acting with radial lever arm

from hub

c end-circle center; also blade-element centerline on layout cone; also channel
formed by adjacent blade elements

ca  blade-section center of area

da moment correction (resulting from tip slope) to moment obtained by summation of
centrifugal force acting at blade-section centers of area in meridional plane

dt moment correction {resulting from tip slope) to moment obtained by summation of
centrifugal force acting at blade-section centers of area in r-6 plane

e blade-element, blade-section end

h hub

1 minimum moment of inertia of blade section
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i isentropic flow process
k lecal point in array

L intersection of blade-section pressure surface with end circle
le leading edge of blade element

m maximum thickness point

max maximum value

min minimum value

n next iteration

p pressure surface
R ratio

] suction surface
sh shock

sp blade-section stacking point
st streamline

t transition point; also moment associated with tangential and radial forces acting
with lever arms in r-6 plane

te trailing edge of blade element

U intersection of blade-section suction surface with end circle

o]

axis about which a moment is taken

axis about which a moment is taken

initial or reference point

first segment; also first point in a set of sequence points
second segment; also second point in a set of sequence points
third point in a set of sequence points

fourth point in a set of sequence points

~ b w N = O

-)  upstream side of transition point

(+) downstream side of transition point

Superscripts: .
' first derivative; also relative to a rotating blade

" second derivative
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center-of-area shift increment; also average value

* choke value
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APPENDIX B

DEVELOPMENT OF EQUATIONS FOR CONIC ANGULAR COORDINATE
The differential form for the conic angular coordinate ¢ 18
Rde = sina ds

or

de :S'mxds
R

sin[xo + C(s - so)]ds ©)
- 9
R0 +-(1; sin [-Ko +C(s - so)] - % sin Ko

sin[xc + C(s - so)]C ds
de =
ROC - sin kg + sin[xe +C(s - so)]

(10)

The integral of equation (10) is of the form

/sinxdx _X_a dx (11)
a+bsinx b b/ a+bsinx

When equation (11) is applied to equation (10), note that b = +1. Also, the variable x
is kg + C(s - SO) and the constant a is ROC - sin k.

The second integral in equation (11), f dx/(a + » sin x), takes differen: forms de-
pendent on the relationof a to b. If a2 = b2 =1,

L S tan(l ¥ x) (B1)
1 +sinx
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aan e b
/ dx. = 2 lm‘_t = 2 ol (B2)
a +bsin x 22 - p2 '/Z;Z-bz
If b2 > az,
atan(i)*b’ bz-az?
/ 1 n 2 (B3)
a+bsinx JbZ - a2 !atan(ﬁ\ +b+ b2 - ;12
| 2/
or alternatzly,
a tan(-’f) +b
- -1
_dx - 2 tanh M \2/ for atan<5)+b < b2_a2
a+bceinx b2 - 42 b . 22 2
(B3a)
and
a tm(§)+b [
dx_ =2 coth™! 2 for |a tan(-’5> +b| > Yb? - a?
a+bsinx b2 - a2 b2 - a2 2

(B3b)

The next step is substitution of the turbomachinery nomenclature into the general
integral forms. First, consider the case of a =b = +1.
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. . sin X da
Case of a -b - -1 1n General Integral /—————————~

a4 +bsinx
. . s
) Sk *C(g"")jib +\I’C-s‘inr\)mn_’1_hovc(s DO).
SRR KU S I tgt - sin Ky i
S 4 2 :
0 s

{’A Al .
| . hgt C(s - 50) . AO‘L
=hgn + C(s - 85) - Ko + (D<tan}~ - - tan{- - —
0 oo 2 s 2]

s =1

Eod Y K
=h - Ko+ tan(—“—-f‘—)-tanf--g
4 2 4 2

1 7 Ko
tan Z - tan X tan - - tan —
4 2 4 2
=K - Kg+ - K— -
1+tanztang 1+tan£ian—9
4 2
"
1-tan® 1-tan-2
. 2 2
htet 1+tan® Ko
+@an- 41, tan—
2 2
o
2tan5-tan—9>
p 2 2
=K - K -
0 o K, X0
1+tan5+tan——-+tan-—tan—-—
2 2 2
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Caseof a - b: -1 in Genera} Integral/ sin X dx
a

- bsinx

(—(O:N—Ko-i__l.) *.;‘x____._.:'\'-“o- -—_dx__..
(1) (-1) + (1)sin x 1 -sinx
n x'x T "'O+C(s'50)S
=K—x0—tan(-‘+—) =x-x0—tan-'+
s 2/|, 4 2
0 L %0

=K - Kg - 4 2 4 2
n K K
l—ta.n‘-ltan—z- 1-tan? tan 0
4 2
1+tan X
- 2
=K - Kg

2 2
=K ~Kp ~
K K
1-tan® - tan—2 + tan X tan -2
2 2 2 2

(B3)
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o a

Case of a® - b~

~
/'5

1 the General Intesral

in x dx

a4+ bsinx

For the case az . h2 apply cg. on (B2), to Zive
- . s
o . ’ O « Cus - :“\Uv’
? R‘)C - s rl)} 1 FRUK’ - sinagtan - ———o 2 !
[ 0 R Tt Wb e 1A — e e —
VIRO(‘ - $in o\U\Z -1 (ROC - sin no);‘, -1 J
L 3q
[ Iy
2(R,C - sin agy) (ROC - Sifth J)wn b + 1 (ROC - Sin Ao)t:-n —0 + 1
- <70 ) 0’ BT | 2 -1 2
S LY —_— in - - tan
‘/:ROC - 51N AU)Z - '/(ROC - sin "0)2 - WROC - sin xo)z -
r \‘0
RO( - sin ag) [ ROV - sin Ao)tan 241 0 (ROC - sin xo)tan —2— +1
= tan” « ‘tan - tan
JRO - s "y 12 -1 t '[(RO - sin «0) J{ROC‘ - 8in xo)z -
I A
( r i.‘?»fT-smr\)tan5¢1 (RC—smn)tan—g-c»lW
v 0 9 1 0 0 2
tanftan = —= - tanjtan =
9
{IRAC - sina,)< - (RC-sinx)2~l
2(RGC - s ag) 1 Yo 0 V& 0 )
=R AT tan % >
_ e’ . 2 - ! LY h
'/(ROC S0 Kol ! ! [ (ROC - sinaMan o+ 1 (R,C - sink )tan——o +1
) 0’18 2 (R 0’3
il + tanjtan tan {tan
(RyC - sin ;\'0)2 - '/(TQOC - sin 50)2 -
4/
r K I\o T >
- in K 2 - ) —+1
(PO(, - sin Ao)tan ) +1 ‘ (RO sin x-)tan ” +
/ : 2
Z(RUC - sin xg) 1 'FROC - sin "0) (ROC - sin xo) -1 L
= K - KO - ta.n V<. 0
(RoC - sin Ko)z -1 : [(ROL - gin o\o)tan -+ 1 (RQC - sir Ao)lan-z— +1
C-smx) ( C-s'mx)-l
lv Ry 0 YR 0 )
g 0
2 K
- si C - sin kg)© - l{tan - - tan —\
ZiROC - Sin "0) : (ROC sin KO)J(RO 0 ( 2 2/ )
:x-xo-———————-—-—’""‘ta“ . ' . Ko ‘
i . . .
F.,-smx) - si 2. - aitan X 4 1 C - sin kp)tan — + 1
‘( 0 0 CROC sinwng)” - 1+ [(ROC sin kgitan ” + 1 1(Ryg 0 >
ZRAC - sinKy) _
ER IR 0 tan l'\,"3

e =
J‘,OC - sin Kg)" -
4 is defined as

where
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For b2 > az,
by equations (B3a) and (B3b).

'(

A =

_.._—_.5._ ' X v /-\O'\\
- sin "0) 1{tan = - tan —

(ROC

Case of

. %0 ko
-smxo) 1 +tan & tan — | + tan & + tan =
2 2 2 2

b2 > a2 and atu(5)+b < b2 - a2
2

there is a choice of either equation (B3) or the alternate forms given

The alternate forms were chosen because the results are

equations similar to equations (B6) and (B7). This similarity will be used to further ad-

vantage later in tLe development. Equation (B3a), which is applicable for b2 > az and
'a tan(%) +b, < V;z - az, gives
) kn + C(s 0 s
Z(ROC - sin "0) 3 (ROC - sin xg)tan ——-———-———2 +1
£ teg TR -Kg+ 2tanh > = d
1 - (R,C - sin «,) 1-(R,C - )
v 0 in kg J R0 Sin Ky 5
. X ~ “o0
2ARAC - s (ROC - 8in xo)tan— +1 (Rot, - sin xo)ta.n — =+ 1
=K - kg Ro = KOZ—— tanh'l 2 - '.:«mh~l z
Jl - (RyC - min x)? 41 - (RC - sin xp)? 'Il - (RyC - sin xp)?
]
2(%(: sin "0) ! I (ROC - 8in xo)tani +1 (ROC - sin Ko)tan —+1
Sk Kot tanh EEeE—
v ROC - 8in xo) ‘/ - (ROC - sin xo) 41 - (ROC sin "0)
' N
) (RoC - sin xo)tan 2; + 1 (ROC - 8in xonan L
tanh [tanh - tanh [tanh
Jln( C - sin « f( C - sin x
2(R0C - 8in xo) -1 Ro 0) Ro 0) J
=K - Ky ztanh < = >
J; - (RgC - sin "0) (RDC - 8in xo)tan L (ROC - 8ln xo)tan—o +1
1 - tanh Jtanh~! 2 |tanh|tann! 2
(1-(ROC-sinxD)2 'll-(RoC-sinxo)z
N\ L 3)

=K~ Kg +
K = Kq

=K -Kg -

2(R0C - sin "0)

‘/1 - (RgC - sin kg)?

2(RyC - sin kg)
Jl - (ROC - 8in "0)2

tanh-1 W sin x)2(RyC - sin x&(mi - tan fz_q) ]

2 2, k., %0 ; « ')
l-(ROC-sinxo) —(ROC sinxo) tan-étan-z——(ROC-smxo) E-n—ta.n-{ 1

tanh™* X
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where X is defined as

r
Vi - (ROL - sin h0)2 (tan < - tan —9)
X = N 2 (B9)
/ ) K , K
(RyC - sin Ko)(l + tan * tan -2 ) + tan £ tan -2
2 2 2 2

Investigation of tanh"1X = 1=

Equation (B8) does not appear practical because tanh'1 X approaches +< and -«
at Xx=1 and X = -1, respectively. To investigate the conditions which lead to this re-
sult, solve for /2 at X = :l.

‘Il - (ROC - sin KO)Z (tanf‘z— - ta.nx—q)

X = 2

= ¢l

0 K “0
(ROC-smKO)1+tan—tan + tan = + tan —
2 2 2 2

0 ko
(RAC -sin « ) tan~-tan = (RnC - sin () 1+tan X tan -2} +tan X+ tan =
Jl 0 0 2 2 Ro 0 2 2 2 2

Square both sides and solve for tan{x/2). The resultis

an X - -1+ ‘/1 - (ROC - sin x0)2 (B10)
2 ROC - sin k,

By using equation (B10) in {B9) it can be shown that the plus sign in equatior. (B1C) is the

solution for X = -1 and that the minus sign in equation (B10) is the solution for X-= 1.
Table I lists k/2 values which make tanh'1 X equal to iz~ over the hyperbolic

function range -1< (ROC - sin Ko) < 1. The k values associated with X = -1 are

clearly in the turbomachinery range of interest. So there is a need to investigate what

causes tanh’l J° to approach -». Start with the equation for ccnic radius

R-Ro=-1€(sinx-sinx0) (4)
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I —

RC = (P.OC - sin KO) + sink = (ROC - sin KO) +2sinX cos X

2 2
sin X tan £
= (RyC - sin kp) + 2 2cosz-'fz(RoC‘sinx)4-2—- 2
0 0 K 2 0 2k
cos — 1 + tan® =
2 2

Substitute equation (B10) with the plus sign.

The result is RC = 0. So, either C =0
or R=0,

First consider C = 0. Since ds/ds =C, « = Ko forall s when C =0. Thus,
equation (8) for the conic radius reduces to

R = R0 +(s - so)cos Ko

When k is constant, the equation for ¢ (eq. (9)) can be expressed as

sinxods sinxods
de = = (B11)
R R0+cos xo(s-so)
sin x
0
€ -€n = In{R, + cos Kn(s - 8 'S
0 conng [Ro 0 O)]so
=tanx(1nR-lnR0)=tanx (R (B12)
0 0 Ry

All Ko of interest lie inside the range -7/2 to n/2. So € - €0 approaches -< only
as R approaches zero. Therefore, the conclusion is that R = 0 is the condition which
makes tanh " ¥ approach -, whether or not C = 0. This, in essence, means the
curve spirals infinite revolutions as R approcaches zero for /2 < |xoi <.
Fortunately, R never approaches =ero in the turbomachinery application, so

tanh™~ X remains finite. Thus, the tanh'lx form cf solution could be satisfactory,

but it remains to be shown if and whern the tanh'lX form is usable. Basically, it is
applicable only when IXI < 1 because the coth'lX form of equation {B3b) is used

when IX [ > 1. Thus, the next consideration is an investization of the possible range of
X for the turbomachinery application.
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Investigation of Range of X

Let us begin with equation (4), which in general can be expressed as
Constant = ROC - sin Ko = RC - sin k

As a convenience, define K. as the kx value in the range -7#/2 to 7/2 for R=0. So
the preceding equation can be extended to

Constant = ROC - sin kg = RC - sink = -sink (B13)

The defined value of «, and the other k. values which satisfy equation (Bi3) are the «
values which make X = :1. (This can be shown by substituting -sin« c for

RyC - sin«kg in equation (B10) and applying the tangent half-angle formula.) Thus, X
can cross between the [X| > 1 and |X| <1 regimes only when « equals the «  val-
ues. Since X is a single-valued function of «, all X values between consecutive K,
values must be in the same lX | regime. This characteristic is shown graphically in
figure 10, which has plots of X against k for the two sample « c values of 45° and
-20°. On each example plot, curves for a spectrum of Ko values are shown to illus-
trate the nature of the function.

The k range of interest for turbomachinery is from -n/2 to /2. The defined « c
is the only «, value in this range because sink . 1S single valued between -7/2 and
1/2. Thus, observations of whether regimes of | X| are greater or less than 1 can
be made vith respect to this particular «_. A first observation from figure 10 is that
the k curves switch between the |X|>1 and |X| <1 regimes as k, crosses K.
A study of the X =0 points is an indirect way of showing that the X -against-k curves
switch regimes precisely at «; =«,. From equation (B9), note that X=0 when
K =Kg Thus, as & is moved closer and across Ko the X =0 point moves with Ko
and hence with k. Since X =0 isinthe |X| <1 regime and stays in that regime as
ko crosses «, the direction of the |X| regime crossover at «,. has to switch when
Ko Crosses K. Since no other «, can lie in the range -n/%Z to n1/2, only the one
switch of regime can occur in the -7/2 to 7/2 range of k. So k stays in the | X| <1
regime when on the ) side of k.. The preceding reasoning leads to the general con-
clusion that X is always in the fx| <1 regime when k and k, are on the same
side of k, within the -n1/2 to n/2 range of k.

So far it has been shown that the regime of |X| is tied to the relation of x and
Ko to . To further investigate these k relations in the turbomachinery application,
rewrite equation (B13) to show k and Koy 28 functions of Kes C, and R.

sin k = 8in Ko +CR
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sin Ko = sin e # CRO (B15)

By definition C is a constant for a curve, so the remaining information needed is the
limits of the variation of R with respect to RO. When the cone angle o of figure 1is
positive, RO is positive; but when o is regative, R, is defined as negative. However,
whether the blade-element cone is defined by a positive or negative @, a blade element
for turbomachinery is always completely defined on the cone without ever approaching

R =0. Thus, R always has the same sign as R,. This means that, by equations {(B14)
and (B15), « and Ko are always on the same side of Ko So ;X| is always less

than 1 in the range -7/2 to /2 for Kg and «.

The conditions imposed along the way to the preceding conclusion can be summa-
rized as follows: For iROC - sin KO‘ < 1, the X defined by ey.ation (B9) has an ab-
solute value less than 1 when « and Kg are in the range -7/2 to 7/2 and R has the
same sign as Ro. Since the turbomachinery application falls within these x and R re-
strictions, the conclusion is rather significant because it is not necessary to consider
the coth'1 X form of equation (B3b) at all. This means that the natural logarithm form
of equation (B3) can be replaced with only the alternate form (B3a), which was developed
to equations (B8) and (B9). The alternate form is selected because of the similarity of
the arguments with those of equations (B6) and (B7). Later it will be shown that this
similarity leads to further simplification.

Consideration of Accuracy of Computation

Equations (B4) to (B9) are a complete set of equatiors for ¢ - €y which also is ex-
pressed as Ae¢ in the text. For a blade-element path As, Ae is the conic angular co-
ordinate in the circumferential direciion; and R Ae¢ is the circumferential component
distance in the units of s. As long as the conic half-angle « is several degrees from
zero, R and Ae¢ can readily be calculated and used to accurately define a blade ele-
ment. However, as o« approaches zero, R approaches i* and Ae approaches zero.
This means that conic coordinates cannot be directly used for the degenerate case of a
cone to a cylinder or radius r. As o approaches zero the conic coordinate R ap-
proaches independence from As and « (see fig. 1 and eq. (8)). Sc R Ae¢ upproaches
the circumferential component of As. Since R can be considered as a constant for the
degenerate case of a cone to a cylinder, a simple equation for the circumferential com-
ponent can, and later will be, derived from equation (9).

In the preceding discussion it was shown that, at some point in the «a approach to
zero, it is necessary to switch from the conic coordinate system to the cylindrical. The
condition for a switch most logically comes from an accuracy criterion. From equa-
tion (8) it can be observed that the relative error by which R is not constant is approxi-
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mately As/R. In general, this means that to keep an accuracy of more than a few sig-
nificant figures in a computed circumferential component of As, the switch to the cylin-

drical coordinates must be made at a's very near zero. Thus, the mathematically ac-
curate conic ccordinate system is needed to nearly zero ao's. The problem is that
sufficient computational accuracy with conic coordinate systems is not always attained
with normal procedures. The nature of the problem and its remedy are the subject of
the following discussion.

Each of the equations for the computation of A€ in the conic coordinate system is
expressed as Kk - X plus another term. As o approaches zero, 8¢ also approaches
zero; so in general, |Ae| becomes much less than |Ak|. When |ae | << |ak |, the
computational accuracy of Ae becomes poor because Ae¢ is determined by the subtrac-
tion of a term nearly equal to Ax from Ax. One way to improve accuracy is to reuuce
or eliminate the subtraction of nearly equal terms in the computation of a A¢ value.
For the turbomachinery application, the computational accuracy of Ae can be improved
considerably with the application of infinite series forms for the functions of equations
(B4), (B5), (B6), and (B8).

Series Forms for A¢ Equations

The series for tzm'1 2 is

tan"l " = !y'-l_:)3+l,»)'5-l,y'7+. ..
3 5 7

,»)'[1 - % e 4--;- 2 % 2%+ .. ] for 42< 1 (B16)

where . is defined by equation (B7) for application of equation (B16) to equation (B6).
The absolute value of .1  can be greater than 1, but a rather easy way to handle that
will be shown later. For equation {B6),




2(RyC - sin xg) 0

€ -€q =K Ky~ tan " 4
V/(ROC-s‘me)z-l
2(R,C - sin x) 22 gt 6
:K-h'o- Ro 0 lll-'_l_;.i—-.’-’_c_..
3 5 7

‘/EROC - sin “0)2 -1

K
2(RyC - sin xg) ‘/(ROC - 8in A‘o)z -1 (tang - tan —2)

=K - Ky - 2 (l-£+£-£+...
] 2 ) X o Ko 3 5 7
(ROC -sxnxo) -1 (RGC -smxo)(l +tan—tan—-)+ta.n5+tan——
2 2 2 2
2(RyC - sin xo)(tanﬁ - mx—ﬁ
2 4
=K - Kg - 2 2 (l-'—,—+£—--'-!-—e+...
. K ) X ) 3 7 8
(ROC -smxo)(l-rta.n—z-tan?>+tan§+tan? (817)

At this point note that for ROC - sin kg = 1, which is the special case covered by
equation (B4), 4 = 0 and equation (B17) reduces to equaticn (B4). Likewise for
ROC - 8in Ko = -1, which is the special case covered by equation (B5), equation (B17)
reduces to equation (B5). Thus, equation (B17) can be used in place of equations (B4)
to (B6).

The remaining equation of the set for Ae is (B8). The series form for taah'lx
in it is

3 5 7 2 4 6
tanh'lx=x+§—+l+-§-...=xl+x+x+x+..j‘ for x2<1
3 5 1 3 5 1
(B18)

where X is defined by equation (B9).
We have already shown that the absolute value of X is always less than 1 for the
turbomachinery application, so this series is always applicable. For equation (B8)
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2{RLC - sinn,) R 2RLC - sinKy) 2 4 : \
(—eoxx-xo- RO M_*O —mnhlx:n—no- 0 0 )((‘.»X«y—x—~—x!j* )
9 o
‘[x - (RC - sin - ) ‘/1 - (RyC - sin «0)2 3 ? '
. o . 2( . *0)
2{R,C - s1n ny) 1 - (RU - sinag) tan—~-mn—-—)
) 0 o ¥ 0 0 5 2, (1 2 ¥ )
_K-.\O- - ———*-—»—(»:--
‘ 2[ o T W S 35
1 - (R,C - stnag)“[{RAC - sinay){l +tan - tan — ) + fan - + tan —
0 0 0 0
2 2 ) 2 2
I ')
2(RC - sin kg) tanE-tan—‘—)\ 2 4 X
=K - Kp - 3 (1?——-?-——*“—’. ) (519)
0 -
Ko 3 5 i

K
. 0 .
‘ROC-smn)(l«rlanﬁtan— + tan - + tan —
' 0 2 2 2 2

Single-Series Form of Equation

Equations (B17) and (B19) look similar, and upon examinaiion it can be determined
that they are in fact the same. Note that the 2% of equation (B7) is the negative of the
XZ of equation (B9). This difference of sign accounts for the sign differences of the
series. Thus, equation (B19) can be used for all values of RoC - sin kg, solong as
x% < 1. For lROC - sin kg | < 1, which produced the tanh-! X form of equation, it
has been shown that x2 < 1; but for |RGC - sin kgl > 1, which produced the tan" 1y
form of equation, ,9" can be greater than 1. When )" is greater than 1, either an
alternate series for tan~1.)" neceds to be used for convergence or a cot” 12" function
can be used. However, with the use of half angles, it is possible to keep the argument
in the convergent range so that only the one form of equation is retained.

Application of Hali-Argle Formulas

An inverse function can be expressed in terms of a half-angle as follows:

tan~1 A =E= 26)

The £/2 can be expressed in terms of ./ as follows




A he R e O

sin
tan ﬁ. = _..§.HL_L‘.__. B
2 1+ cos N _1_: vos
oS &
__tan¢ tan ¢
1+ sec 1+ v1+tan2§
For |¢| < m/2,
i v
tan & =

(B20)

where by definition

S S
2 r—‘—) 3

The maximum value of *g! is /2 for turbomachinery so the maximum value of
|¢/2| is n/4. Therefore,

ra

[

1+ 41 a2

So the half-angle procedure reduces the argument of the series enough to make the

tan'l.') " geries always converge; thus, the series in equation (B19) always converges.
Before applying the half-angle procedure to the general equation, let us check the
procedure with the hyperbolic functions to see if the procedure is completely general.
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tanh ™ 1X = ¢ - 2<£> - 2 tanh ! (t;mh z)
2 y 2
sirh &
s2ianhl S0 L g ganyth _cOSRE
cosh ¢ +1 cosh ¢ + 1
cosh §
-9 tanh—l tanh ¢ 9 tanh-l tanh &
1+ sechg 1+ y1-tani? ¢
For |&| < a/2,
tanh"1 X =2 tanh'l X — =2 tzmh’lx2
1+ ¢1-x2
where by definition
X9

X
1+ VI-XZ

(B22)

(B23)

Equations (B20) and (B22) are the same in application to the general equation when
the X's are defined the same. Remerrber the 2 2 in equations (B20) and (B21) is the
negative of the X 2 in equations (B22) and (B23). Thus, the half-angle formulation in

general can be substituted into the general equation (B19).

K
A(ROC - 8in KO)(anE - tan-;q>

€'€0=K—K0

\
_ 1+ﬁ X [(ROC-smxo)lvtan tan-g +tanX 4 tan
. 2 2 2
2 4 6
X Xy X
xX{1+ 2 + 24, 2 +
3 5 K
where X2 is defined by equation (B9) and X g by equation (B23). The term

1+ 41 -X2 i turbomachinery nomenclaiure is
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i“.o

tan 2 - tan =
9
1+‘,1_)‘{2:1~»" 1—[1—(ROC~sin»\O)2] 2 =

Ky K
(ROC - sin KO)(I +tan—"—ta,n—9 +tan5+tan-0-
\ 2 2 2 2

With some trigometric manipulation, the preceding equation becomes

/ 2 2
[ROC + % (sin k - sin KO)] - [i (sin Ko - sin K)]

Kn) K K
[(ROC-sinKO) 1+tanﬁtan-—0- -.-ta.n5+tzm—(2 cosﬁcos—-o-
2 2 2 2 2 2

2

1+ ¢1-X"=1+

With the substitution of equation (4}, the preceding equation becomes

K K K
(ROC—sinfco)(l+t:11nﬁtan—9\+tan-'£+ta.n--(2 cosf-cos—0+CR0 B
— 2 2 2 2 2 2 R,
1+ ¥1-X°=

[ K K K

(ROC - sin KO) 1+tan5tan—q)+tan-'£+tan-—(1 cos—'gcos-Q

2 2 2 2 2 2
(B25)

The term CRO‘J-R/P.O, as shown, yields the proper sign for the square root. The X
for the half-angie form can be expressed as

2

e

2
X3

e e a2 X0
ﬁ-(RoC -sinxo) (tan%-!an?)

K, %0 « 0
(RyC - sinkp)|{l + tan=tan =} + tan = + tan —
i 2 2 2 2

2
K . K K
(ROC-sinxo)(1¢tan5tan—9)+tan5+tan—o cos ¥ cos——°+CR0 R
2 2 2 2 2 2 Ro

X K K
(ROC—sinxo)(l+!anﬁtan—9 +tan X + tan -2|cos X cos -2
2 2 2 2 2 2

K-Ko

[l - (RgC - 8in no)z]sin2 -2——

K- Kg K+ Ky A (B26)
[(ROC - 8in xo)cos 3 + 8in -—;—- + CROJ_E
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Now substitute equation (B25) into (B24) and reduce as foilows:
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I 3 i
Yoo
. R {
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4 RUL St Ar. ] N . .
S - e . !
I 4 i
|H ll 7'41-’ 1] S U~"[(, R
| \ | Ve,
wlh,A S l') - SN Y - ) .
2 2 2. - v
R} R‘)l Y ~ ~ A
. . Y - - 3
R (l XTN 5, \
, e — - - = =
r v ‘v G ) - )
B bl =it s.n =i In -~ LS [
) ' 2 N .
R - s ——— e SRR SR Y P R,.VB
N £
. o Ky
. s - U0
[ 2 "
Rb .
RU sin sy . \2’ ‘_:: "
S . R S § IR AP =
J o
., il )
) ’ R / (B27)
Ry

-
B St s s v, A0 7,7‘») . "R”V

After all the manipulation, the half-angle form of equation (B27) is no more compli-
cated than equation (B19). It also has the advantage of the need of fewer series terms to
converge to a desired precision in calculation. The half-angle procedure can be repeated
to further reduce the number of series terms needed. However, a further reduction of
the number of series terms complicates the coefficient term for the series to a much
greater extent than the first application of haif-angles. So it was not considered useful
to carry it further. The number of series terms neecded will be shown later when the
operating form of the equation is finally established.

Use of a Sine Series to Effectively Cancel Large Terms
At this point, let us readdress ourselves to the problem of finding € - € by the
subtraction of two nearly equal numbers. The problem can, to a large extent, be elim-

inated by further series treatment and cancellation of the large terms. Begin by re-
writting equation (B27) as
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4(1{0C - sin I\'O) 2 sin cos
4 4
K -~ K K+ A

+ sin 5 0+CR0~/§%

K—i{o l\"ho)

(—€O=K-K0’

(ROC - sin Ky)cos

K - K
4(R,C - sin k,)sin 2 4 6
K- K ATKO 3 5 1

(ROC - sin xj)cos 5 0 + sin + CRO

Application of equation (7) for the sine series gives

>

roag aen R 'AO(’\ -, P —»_0\2 LSRR 4 1
o ‘RU(‘. Sapiecte - T s A0 NROC - SIN A C0s { Yy - LI Loy
2 . \ Ry v 3 4 PP A )

4(R0C - sin ».0)sm

< € \
0 \ 3 5 7

wher? D is a temporary symbolic representation of the denominator.

2 4
A A A . - L Y v AT R LYY
-y I.RO(.f wen ..0,(2 ¢ .,2 o l) - b -»--‘- CR JB Z(l(Ut' SIn aglcus —-——O[l - (-,-wg) . -L(WQ\ .
2 v 1
. N 4 ,,_5" 4 7 3 4 5 LI 7

R ¢ e o e e —

4 RDC - sin xo)sm

“xg
2 .4 L6
2 (X X3 X%

—_— — 4 — ¢ .
D 3 5 1
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(B28)
)

An example best illustrates the superiority of equation (B28) over (B27) for compu-
tational accuracy when R is relatively large. Let RQ = 1000, As =2, Kg = 450, and
In equation (B27) the numbers combine as follows:

k = 35C.
(R.C Jsin 9 2 .4 6 8
4 - sin K4)sin
e "o 0 2 [ X3 X5 X5 X
€ -€g=(Kk-Kp)- 1+—<S+24 242
K=Ky K +Kg R \ 3 5 7 9
(R,C +sin k,)cos +sin +CRy4]—
0 0
2 2 Ro

-0. 1745329252 - 30:66960712 (4 9993560159)
-174. 3292180

1]

= -0.1745329252 + 0. 1758159460 = 0. 00128302 radian

Two orders of magnitude of precision are lost in the final operation, since the answer is

obtained by sub.iwuction of nearly equai numbers.
the numbers combine better, as shown in the following:

In equation {B28),
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. -0.2434187554 + 0. 01975073743 0 0012%302083
-174. 3292180
Series Representation of ‘/E -1
If the cone radius becomes larger than that given in the example, a point will be
reached where computations by equation (B27) will not give a satisfactory engincering
answer. While equation (B28) as shown is much better, it is not foolproof either. At
large R the term R/R0 - 1 is the subtraction of nearly equal numbers. A series
representation can help this term too.
— -l=4/—-1= {1+ -1
Now using a binomial series expansion on the square-root term,
[ 1.1 2 1.1y 3 PREVARNAIVA: 4
Ji_h R Y ) +z( 2)/“"’-0 +2(. 2)( ) R-Ro +:z< 2)< 2)( 2,) R-Ro\', .,
R, 2\ R, 20 \ R, 3 Ry ) a R
[ 11 1/ 1\/.3 1/ 1\/ 3\, 5 3-2n
22 2 of-2)(-2 3 2(-2Y-2)-2 4 !
. 1(“"‘0)*2( 2)(“‘“0) 2( 2)( 2)(“ Ro) +z( 2>< z)( 2)(“'“0\ . 4( 2 ) (R'Ro)
2\ Ry /] 2 R, 3 Ry 4 R ) n R,
iR - Ry
for ‘l LY
- Ro (B29)




In equation (B29) the factorial

is defined as the product of n terms which afe trptesented by (3 2o 2 for allnte-
gers n from 1 to n.
The ratio between geries terms in

=

3" “o

so the series obviously has poor coavergence properties as (R - Ro)/llo approacheq 1.
However, as (R - RO)/RO approaches !, the normal procedure of evaluating R/ k) 1
gives good precision, since 1.414 - 1 = 0. 414. Therefore, if a limit criterion on the
loss of precision is set at one significant figure, the range of VR/RO is

0.9 < VR/F = 1.1 to keep (VR/RQ - 1) > 0.1. This restriction on R/R0 corre-
sponds to a2 maximum

_ Ro% =0.21

With a limit on the variable in the series, an evaluation of the number of series
terms for a desired computational precision can be made. The series coefficients for
the first nine terms are shown in table I. For (R - Rﬂ)/}i0 0. 21é the first term is
0.5 (0. 21) = 0. 105. The ninth term is 0. 01091(0. 21) = 0.867x10 ©. This gives a ratio
of about 107 between the first and last terms for the worst case. Therefore, an appro-

priate equation for the stated criterion on an eight-significant-figure computer is

JE-,J"‘“O),-A"”‘O.-A“"‘O,-2““’0,-L*““ol_z""‘ofl-u“'%[-l_si‘___“g(-2210)]} \
no-z(no 1 R, 2 Ry 8 R, 10 Ry + Ry L 14 Ry 16 Ry 6 R, J

R-Ry
R

for

< 0.21 (Bso)
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Combination of Terms with Further Use of Trigsonometric Series

Equation (B28) is in a form that can give adequate precision provided we use enough

terms in the series representations. Let us look at the sine series term

K - K A - A ‘K = = 2 K - K 4 /h'i‘\'s
0 2h " 1( o), 6y L L9

2 sin A0
4 8 3 7004 ]

(B31)

2(R0C - sin KO)COS

: |
.-
e

!

At no other place in equation (B28) are the trignometric functions of (x - 4\0}, 4 or
(x - xo)/B used, so they can be expressed in series form too if they combine in a decent
manner. Note that

vy K-K
0=1-f')s 0
8 4

2 4 6
(I VAL R
L 2\ 4 / a4\ 4 6!\ 4

g 2 , 4 ‘6
[l(h - Ko\ ; -1— K - KD N _l_ K - KO .
2 4 /) 4! 4 6' 4

Substituting this series into equation (B31) yields

2 sin®

H

2 4 6
X - K K~-K X - - K - K
2(ReC - singieon — (1 - LYTO) L (LLIYE TN Lyt 1 ),
4 2! 3 4 4 Sf) 4 62 7 4 80 91/ 4

2 4 6 8
- K K - K - K - K -
= 2(RyC - sin «plcos " 0[33' l( o) '5-1(‘ ‘0) P 1( NO) RV Ko) +.. J
! 4 St 4 (8 4 9! 4

Expressing cos(x - xo)/4 in series form too yields
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Number of Trignometric Series Terms Needed
The number of series terms needed for a desired computational precision is de-
pendent on the magnitude of the series variable (x - xo)/4. For a selected precision

criterion, the maximum magnitude of (x - KO)/ 4 can be computed for a specific number
of series terms. For example, the sixth series term is

11. 211 K - KO
13! 4

The ratic of the sixth series term to the first term

2 (%~ Ko
3:( 4 )

12

is

11.210. 3¢ /% - %g
13! 4 )

For an eight-significant-figure computer, a maximum relative error of 10™7 should be 2
reasonable precision criterion. So for
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11. 210, 3 ""‘o)
130\ 4

K - KO
=< 0.6258 rad

4

that is, |« - KOE < 143.4°. For turbomachinery, « - Ko Wwill almost always be less than
1400, so fewer than six series terms usually will be needed for the selected precision
criterion. However, the potential saving is hardly worth the extra logic, so six series
terms are always used.

The nesting principle is used in calculation. A specific coefficient can be deter-
mined as the ratio of the n to n - 1 series terms

2n
(-1y™*1 @0 - 1) 2(2n-1) (" - "o) 9

ey \ 4 /) ___ (n-12 (" - “o)
n (2n - 3). 2(2n-3) 2n-2 (2n-3)(2n+ 1)(2n)\ 4
- (-npr -3

K-KO
(2n - 1) ( 4 )

The series can be expressed as

K - K K - K
2(ROC - sin xo)cos P 0[2 sinz( 0) -

8

2 4 6

X - X K - K K - K
R | N W el ) N WA RO
3 4 5! 4 (M 4
2 2 27 2 2
K - K K - K K -K - K
1-3 OV o -20f7 "o0)fy (" " T0) 4, .18 0

S\ 4 63 4 90\ 4 385\ 4

= (R¢C - sin kp) %(“ ;"0

e

With the application of the preceding equation, the working equation for the sine series
term of equation (B28) becomes

6
(2n-1) . . .
-yt (@n-1)-2 x| 2 2l a3,2f a5 g2f a1 of 49 gefi 411 2
(29 + 1}! 2-3 4.5 3-6-17 5-8-9 7-10-11 9.12 13

n=1
2
=X 1 -3x2(1 20524 LT x2]y 18 y2() . 11 g2
3| s 83 90 385 351

(B32)




Number of X2 Series Terms Needed

The re maiming scries 1h equation (B28) to be investigated from a precision stand-

eint 1s the one containing the Xg termis, where Xg is defined by eguation (B26). The
acties 18 of the form

2 4 6 8 2n
X X X X X
-—"+——2+—2+—-g+...+——2— (B33)
3 5 7 9 2n+1

The ratio of ose term to the previocus one is (2n - 1)/(2n + l)Xg. At large values of n,
the coefficient approaches 1. So for the series to converge to a finite value, |x§| must
be less than | However, if 'Xgl is less than 1/2, the series converges to a value no
larger than twice the magnitude of the first term. The nunber of terms reeded in the
series to meet a precision criterion depende upon how much less than 1/2 the magnitude
of x§ is. To get an idea of the magnitude of Xg in turbomachinery, a search for a
maximum vajue of ‘x;l can be made.

Since Xg is a function of several variables, it would be helpful to have more infor-
mation about the variation of Xg in order to con-uct an appropriate search for a maxi-
mum value of l X%i . For a start, note that C always will be finite for turbomachinery.
Then by equation (4), « = kg when R =R When « = kg, X; = 0 Ybv equation (B26), so
it is shown that X2 =0 when R=R,. Thus, a maximum ]X%‘ never occurs at R = RO.
Also, by implication, an effective way to search for maximum |x§ | may be to differ -
entiate X2 with respect to R and inspect for the location of any zero slopes.

Before differentiation of Xg with respect to R, note that « is a functionof R. A
differential relation between them can be obtained from a combination of equations (1)
and (3).

& __C (B34)

dR cos k

Now proceeding with the differentiation of Xg as defined in equation (B26)
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However, from equation {4)
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P "RO 8in ———~— CU8 sin cos .- a — X - n
[l (Rﬂ&.‘ sin -O)Z\Mn 0 2 2 2 (l + cO8 0 V’i)- sin 0 co8 K !
o 2 (R - Rg)cos R - Ry 2 R 2 VR?
- 2
ar 3
K- 2 K - K K+ X K- K
sin 0 cos Ky + o sin 0 cos 0 fcos LN Ji
2 R- Ry 2 2 2 Ry

L A .
- e - o xg o 8 z(:o Ro)co:“ ||:2 R-“: (l Sk 0‘%)-%}

3
n - K 2 K+ K K- X o
sm3 0 cOo8 Kg + Ro cos 0 cos 04 R
2 R-Ro 2 2 Ry

cos — =0 609‘“(0(1+cosx‘“0‘,.5.)-}‘-“0«:0:(]

”“ﬂ‘*“"r»’["*“oc--*w’](mf\ﬁ : — 1
/[(R'W°“‘0+z%cwx+‘°(cog“-'0* R (B35)

2 v“oj

2

When R is within the practical turbomachinery limits cf R0/2 <R< ZRO, the
values of the group of terms in either the numerator or the denominator of the last term
in equation (B35) will never be zero. The conditions R = RO and ,ROC - sin "ol =1
yield zercs for dxg/dlg, but these both occur at X2 = 0. Therefore, the conclusion 2is
that the variation of X, with R has no :zzxanmum or minimum at R # Ry Since }'I2
is also zeroat R = RO’ the maximum le nccurs at minimum or maximum R. This
means that the maximum magnitude X5 can always be found at minimum or maximum R
fo~ any combination of the two constants ROC and k.

In tabje III, maximum values of ng are shown over the complete spccarum of
ROC - sin kg for a «, of 70°. The constant C is negative, as it usually is in turbo-
machinery, because k normally decreases with path distance from the inlet reference.
At the lower magnitude values of ROC - sin Kk, the radius ratio reaches a limit first;
80 Ak is less than the imposed limit of 140°. At the higher magnitude values of
ROC - sin kg, the Ax limit is reached before the radius ratio limits. The use of such
a large Ak limit requires the choice of a relatively high Ko to keep both Ko and «
within the |1r/2\ limit. It turns out, however, that the choice of K is not important.
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The overall maximum value of 'X%! occurs at the very large I'ROC - sin KO! valucs.
And at these very large {ROC - sin Ko' values, the ROC term completely dominates
the trigonometric functions of K- So the overall maximum value of !X%’ is 0. 4903 for
any value of Xy that can give a K —2;(0 of -140°.

Since the maximum value of {’le is less than 1,2, the series (B33) is known to al-
ways converge to a finite value which is less than twice the magnitude of the first series
term. The number of series terms needed for a specified precision, of course, depends
on the magnitude of Xg. The number of terms needed to give a relative error of about
1078 is shown in table IV for the range of Xg.

For normal usage, [xgl usually will be quite low; so not many series terms are
needed. However, as many as 23 may be desirable for special cases. For good pro-
gram efficiency, the number of series t- rms used was made a function of the magnitude
of Xg.

Range of Applicability for the ¢ Equations

Equation (B28) is a satisfactory form to use for the vast majority of € - €0 calcula-
tions. However, it eventually becomes plagued with the subtraction-of-nearly-equal-
numbers problem for certain parameter combinations. Fortunately, this occurs as very
simple solution forms are approached. The first of these is ! Cl << 1, for which equa-
tion (B12) is the solution. The second is

In this case, equation (9) becomes

(kg.sﬂds

™

= 8sin

Kn + C(s - 8,)
.0 0ds

where
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s '
sinEcO + C(s - so):]C ds cos [KO +C(s - SO)] S

[3 ‘(0: = - :
CRm CRm I'SO
50

] cos [KO +C(s - so)] - €0S K ) COS(KO +K - I{O) - COS Kg

CR, CR,,

K - K K + Kp'
2 sin o)sin( 0
- 2 2
CRm

Using the sine series of equation (7) yields

2 sunf 0 2 4 6 8
sing —m . - - -
2 Jf<*o\}, _af* %o\, af<ro) 1t %o\ 1" %
0" -k 2 3\ 2 5\ 2 T\ 2 o\ 2
Rm

S-SO

s - 8 K +Kg 1""‘02 1 x-x02 1 x-xoz 1""‘02
= ——— sin 1-- 1-= 1-— 1-—
R, 2 6 2 20\ 2 42\ 2 72\ 2

(B36)

The approach used to establish when to use equations (B12) or (B36) in place of
equation (B28) was simply to set up a computer program and calculate € - €, with each
of the equations over the spectrum of constants. The reference value at each point was
equation (B28) calculated in double precision with the necessary extra terms in the
series. Equation (B28) gives the best accuracy except for very low Ax and very high
RO/As. However, enough points were used in these questionable regimes to reasonably
well define parameter values at which a switch of equation should be made for better ac-
curacy of computation. The study showed that by the choice of the best accuracy form of
equation, € - €5 can always be calculated with a relative error of 1076 or less on an
eight-significant-figure computer. The specific parametric values for the switches are
shown in table V. In the program the computation is for R Ae rather than Ae. Thus,
even though R approaches infinity, a physically meaningful and accurate value of the
circumferential component of a path can be obtained from equation (B36) with R m
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transferred to the left side of the equation The comp itation of the

come radial tnierya-
1onal) and circumferential () components for a4 s path are made in sabroutine
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APPENDIX C

DEVELOPMENT OF CI'BIC INTERPOLATION EQUATION

Let vy be the dependent variable at some independent variable location x. The ‘
general cubic polynomial for y is

3

y:a+bx+cx2+dx (C1)

To keep the cubic coefficients small in applications, redefine the independent variable as

' x=-X_1 (C2)
X9

where Xq is the independent variable at the second point of the four-point sequence to
be curve fit. Thus, the general equation used becomes

2

y = A+ BX + CX% + DX° (C3)

- The dependent variable v is known at the four points, so there are four equations in the
four unknown coefficients. At the second point, when Xx = X,, X2 = 0; so

-The other equations are
y, = A+ BX, + CX? + DX3 (C5)
1 1 1 1
' - A + BX, + CX2 + DX (C6)
y3 = A+ DBag 3 3
y, = A+BX, + CXj + DX§ (ok)

Subtraction of equation (C4) from each equation (C5) to (C7) gives

¥y - ¥
1 2=B+cxl+nxf (cs) .
X
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Vo - V. .
3 "2 .y, CX4 + DX (C9)
X3
Y372 2
B+ CX, + DX} (C10)
X

+

Using equation {(C9) for eack B elimination gives

Yy - Vo Y - Vo

(1 2 Y3 2) 1 - C 4 DX, + Xy
X, Xy /Xy - X,

Ya - Yo Ya4-¥

(3 2.4 2) F— = C+ D(Xy + X,)
X3 Xq /%3-%,

The equations for the cubic coefficients can be expressed as

(Ya'yz_ys'yz) L _(3'3‘3’2_3’4'3’2) 1

D- 4
X - X,
Vi -Yy Va-Y
c=<1 2 Y3 2) 1 - DX, + Xy)
X X3 /Xy -Xg
Vo - ¥
B -2 2-(C+DX3)X3
Xq
A =

Yo




APPENDIX D)

DEVFLOPMEST CF INTEGRATION EQUATIONS FOR A CUBIC SPLINE

FIT OF BLADE-SECTION POINTS
Development of Spline Equations

The spline curve tit used in this application is a specialized form of that presented
i reference 7. For completeness, this particular development begis with a summary
of the basics from reference 7. The knowns are Xxp and yp for k systematically
spaced points on a blade surface, where xp is a coordinate approximately along the
biade-segment chord and Vi is the normal coordinate. The coordinates of the transi-
tion point, X and Yy are alsc known. The transition point is used in its proper place
in the surface array if its relative distance to the nearest surface point is greater than
10 percent of the corresponding increment between the systematically spaced points.

The surface points are fit with piecewise cubics between the points. The joining
conditions between cubics at the points are continuous first and second derivatives, ex-
. pt at the transition point, where the second derivative is allowed to be discontinuous.
Between points the second derivative is varied linearly so that a general y'' can be ex-
nressed as

X, - X X - Xy
yvos y'k'_1 —_—+ yi{' —_— for X, = X=X, (D1)
Xk T *k-1 *k ~ Xk-1
Integration of equation {D1) gives
2 2
yv - : 1 yi('_1<xxk - ‘X—) + y"(z('z" - XXk_1> + Cl (Dz)
R 2,

Integration of (D2) gives

1 v Xz X3 1y X3 Xz
y = ——— Vil T R T i W | +C1X+C2 (D3)
Xp ~ ¥ko1 2 6 6 2

In equation (D3} y = Yoy At X=Xy and y = Yy at X = Xp. Substitution of these val-
ues in equation (D3) and sub- ~tion of the resulting equations yields
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‘\3 X \2 \ 2 X, X \2
_ 1 KT} k -1 k-1 7k k7k-1 k-1
€y = Yo " Vk-1 Vet Tt T T k|
X - Xp g 5 3 6 / 6 3 3
(D4)
and
1 *K*k-1 . Xk-1 wf*k
Cy= < - x _ VEk-17 %e-1Yt 3 Yk-l("k BN ARSI P
k ~ *k-1 \ (D5)
Substitution of equation (D4) into (D2) yields the general equation for y'
2 2 " re
. 1 (x) - x) ,(x-xp 1) Yk-1 " Yk
V= =¥k " k-1 "~ Yk-1 s + Vi = iy - X ) —
(D6)
Substitution of equations (D4) and {D5) into (D3) yields the general equation for y
e 3 (4] 3 1)
k-1, - 07+ x - x ) Yk Yic By = Xy_p)
y-= + - (x - xk-l)
6(xy - %y X~ X1 6
y Yie- 1% = Xpe_q)
+ k'l - k"l k k’l (xk - x) (D7)

X = Xg-1 6

Joining Conditions for Curve Segments

At the junctions between the cubic pieces, the slopes are the same; that is,
y'("i{(_)) = y'(xk(+)). Also y"(xk(_)) = y"(xk(+)), except at the transition point. So at a
point Xy other than the transition point,

- 2 2 " "
1 (X - 2% )" K- %) k-1~ Yk
Yk =Yk " Yi-1 - V-1 £y Vi + (- X)) ———
X, - X 2 2 6
k~ *k-1]
r 2 2 ' 2
(x - X,) (x,, - %) Vi - Y
1 Ty k+1 k " k k _ k k+1
Tr e PR TR T Y T Yk T [ B T X B
Xeo1 " ¥k | 2
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Theretore,

U « s . e\ _ -
K \k—l\vn Y G20 Tl S A PRSI (15 W) 3 IR Vel " Yk Yk T Vk-1
6 )11{—1 3 Tk 6 ) k+1 X, 1 = X - X

x+1 ~ *k *k T %k-1

e ,H . 1t _
A 1Yio1 *Pk-1Yk * Ck-1Yke1 = Yk-1 (D8)

When the transition point is considered as one of the points of the array Kk, the equation
for the cubic junction at the transition point is

xt ) )\k l\yu X ) xk 1 xk+1 - xt o + xk+1 § xt 11} _ yk'l'l B yt yt i yk‘l
) k-1°* o\ T P T e et Tx x -
< kel ~ %t Xt 7 *k-3,

v " ) v
a1+ 28Vy() * iy Pk = % (D9)

Additional Conditions Imposed

The unknowns in equations (D8) and (D9) are the second derivatives at the known l
points. For the k points, there are k - 2 cubic equations. Also at the transition 4
point, there aretwo y ' values at one point; so three more equations are needed for a
solvable set. The normul procedure is to specify end restrictions for two of the equa-
tions. For this appiication, it is probably best to specify a curvature relation. Since
the blade elements are circular -arc-type segments, the blade sections normally also
will be nearly circular arcs. Thus, a reasonable end condition should be specification
of end-point curvature equal to that of the adiacent point. However, curvature is

y" [1 +(y' )2.| , where y' is an unknown too. So a direct solution, if possible, is a
little more comphcated than is justifiable. Alternatively, a three-point circular-arc
fit of the end points was used initially to determine a factor relation between the end two
y'* values so that the set of equations could be solved with the direct approach.

The equation for a circle is

(x - 2)% + (y - b)® = R (D10) )

From differentiation of equation {D10), the slope is

y' = - - (D11)
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Since only the equation for y' is needed, it is not necessary to solve for R. However,
the known conditions are coordinates of the three points, so R must be eliminated from
the three equations in the three unknowns a, b, and R. When the squared terms in
equation (D10) are expanded, R, a2, and b2 are eliminated by subtraction of the equa-
tions applied at the three points. If the equation for the center point of the set is used
in both subtractions, the resulting equations for the desired constants can be expressed
as

(2 2 2 2 2 2 22y,
o1 - (x5 - "z)(x1 - Xp) - ("1 - x2)("3 - Xp) + (ys - Yz)"‘x - %) - (¥} Yz)("s X)
(vg - ¥9)(x; - X5) - (y] - ¥ollxg - xo)
2 .2

2
) Zale'x2+y1'y§’2b(yl'y2)

X1 - X

When the constants are substituted into equation (D11), the general slope equation can be
expressed as

. (xz = xl)(Y3 - YZ)(zx s xz) - (X3 - x2)(Y2 - yl)(zx - x3 'xz) + (Y3 - yl)(YZ - Yl)(Y3 - Y2)

i (x3 - XZ)(YZ - yl)(Zy Y- Y2) - (x2 - x1)(Y3 - Y2)(2y ~¥Yo - Y3) + (xa - xl)(xz - xl)(x3 - XZ)

(D12)

The application of y' is in the factor relation between y'' values which yields con-
- stant curvature. So for C1 = C2

4 ) 12

[1 + (y'1)2]3/2 _ [1 + (y'2)2]3/2
and
vy = v3[f]

where
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1+ \.v'l)z

fl. —_— ‘D13)
(o2
1 T \yz)

The same procedure, of course, is used at each end of the suriace curve.

The third additional equation is needed at the transition poirt, where there is a dif -
ferent curvature on each side of the point. The condition is impesed through a curvature
ratio at the transition point. The particular curvature ratio is calcuiated from a three-
point finite difference calculation on each side of the transition point.

T 1] 2 3/2
o - Crer  Ykaa| 1+ Ukt
R™ G -

(8]
k-1 Yk-1|1+ (v}, p°

Ve " Vel el " Via2

A _— Vi1 ~ V- Lo |
Xt " ket Mkel " *ke2 ,'/1_0+ B el g ) e R e ) o
] k-1 Fk-2" T 7y t -x | ¥y
Xy - X9 i Xy - Xk-1 k-1 k-2 Xt k-2 \ = t(+)
|
f

t a4

2
Yg-1 " Yk-2 Yt V-1 R / Yiao - ¥ 1.0
- osdPPEL T ok yo o2 Tkl ox) :
x - X X, - X \ k+2 k+1 X - X + X - ¥
k-1 *k-2 Tt " Tk-1% Xeel ~ Rt ka2 T Vel ke2 " N

Xg-2 ~ %

Cr=

(D14)

The curvature ratio is equal to ya +)/ yiz_) because the slope is the same on both sides
of the transition point. Since this curvature discontinuity is computed by finite differ -
ence methods for interpolated points, it was judged that a better overall surface curve
representation of a blade section is obtained with some smoothing of the discontinu:ty.
In the program, the magnitude of the CR used is the 0.7 power of the CR obtained
from equation (D14).

Method of Solving for Unknown v''

There are now enough equations to determine all the unknown y''. Usually, the
tridiagonal matrix is solved by Gauss elimination of variables from one end of the curve
to the other end, followed by backward substitution. However, the imposition of the un-
usual condition at the transition point of the curve can cause some complication. To al-
low for some versatility for ea~h change of the transition-point condition, a modified
approach was used. With the modified approach, Gauss elimination is used from both
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ends to the transition point, the transition condition is applied, and backward substitu-
tion is used to each end. In parametric equation form, the equations from an end are

¥1 = f1¥2

ayy +byyy +cyyy =d;

29y +by¥g + ¥y = dy

a3y3 + bayy + c3¥5 = dg
a3+ Piin + CVke = % (D15)

For the Gauss elimination, it is desirable to set up a standard form. Let it be

Y *+ eV = by (D16)
Therefore, for k=1, e; = -f; and h; = 0. Application of equation (D16) to (D15) gives

‘ 1) 1) "o _
ayihy - epyp 1) + PpVie1 + CpVk42 = i

So,
1" "o _
by - agep)¥y, 1 + CeVie2 = Ik ~ 2y
v ( ®k k)yn _ dk i alglk
k1t | T Pre2 s
" T
Yir1 * (Cp1)¥ich = Deyy
So,
(¢
K
e = cenmter—t—r—
k+1
by - apey
and
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hl~:+1—b . e
k™ “kk

The same procedure is used from each end, so at the transition point the equations are

V-1 * Ch-17t(-) = Px-1 (D17)
and
" e
Vel * Cke1Vt(+) = Pal (D18)
Using equations (D17) and (D18) in equation (D9) gives
(1] \A) _ - -
a,(2 - ey Vi) + B2 - e I¥i() = G - 3Pg1 T PP (D19)

Equations (D14) and (D19) are two linear equations in the unknowns y&_) and y{i 4y 80
they can be readily calculated. The other y" values are found by back substitution
through the (D16) sets.

Area and Moments Integrals

Once the spline-curve coefficients, y'' values, are established, general surface
points then can be located by using equation (D7) for the appropriate interval. The gen-
eral equation can also be integrated to give areas and moments for the piecewise seg-
ments. These can then be summed to locate the blade-section center of area. The de-
velopments for the following integrals are for a cegment with the y distance being from
the y =0 axis to the curve.
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k-1 k-1
X
Ko 3 " 3 o, v
Vi Xy - )Y ey (x - A ) v viix, - X, ) Yo y'(x-x._).l
) [klk K k-1 Kk Y kl““-‘s«x)' k-1 k-1 “‘(xk-x)dx
- - [ -
L 6ix - x ) Xg T Xke1 £ X T Xy (3 J
Xx-t
v 4 4 " 2 oo Yk
. Vi 11X T X X ey [ Yk Y *k -“k-x’] (5 Ay kel Y T ke e @
= + - -— ——r = -

24(xK - xk-l‘\ 'xk - Xy 6 J 2 LIV 1 6 2 Xy

i * Yk-1 Yk * Yk 2 .
- = g = X P g~ Xy (D206)

2 24
- X
u=f' [xdydx-/kyxd.x
*x-1 k-1
* 3w wtx - x p? "l - v )
. . P e B S o L Ve VM Mod xRy - k-1 V1% xk-l]uk i ‘}x ox
Btz - %y kT M1 6 M T %1 6 J
-1

3 X

) H) 4 o 5 4 e v x

ﬁkol[‘(’k"" - Sxylxy - x) 1' P R T U N e S U J‘ O A S Y (x3 2 ) r Yk-1 ,’k-n"‘k"‘k-x’]/xz S

= ) 3 5 k-1 i 2 'k

1 120(x) - %)) Xy 32 Yk Ykt 6 2

k-1
Xy "%y ; LR Rury

= _-.__—--—6 K2X X )+ V-1 * 2% ) - e [yk'(axk # I v Ty Bxk_l)]

k-1 *k-1
K (1 3w 3 “ ' 2
1 Yy g X7 4y (x-x ) Ve YOk F-p) (x-xy ) + Y1 Vie-aUx Xkt (x -2} dx
2 8(xy - xy_y) Xy %1 6 Xy ®x-1 6
-1
N
2 4
X"X_/ y (X-X_) ' ] ('X_I
-k p . 1\’?:*’1"1‘-1"’2-1 [k + v 0+ 1w )] S sok . *:1{‘6[(3'1"’2“"?-1’2] + 3‘nyk'-1}“"""‘"xk 36: :

(D22)

Other spline segment integrals that are needed for the terminal calculations are

73




k-1
X2 X, X ‘(2 2
B . k *Kk*k-1 k-1 % *k*k-1 *k-1
=y - X el Tt + + V|
N2 6 4 4 5 12
( X )3 x2 X, X x2 xz X x2
X)) L [Pk *kCk-1 Tk-1 w*k Kk- 1, k-1 D23)
} Vel T T ) TR (
6 15 10 12 112 10 15
*k ¥ Xk 3
2
lxx= / / y  dydx = / -ys—dx
Xg-1 0 Xk-1

Xy " X1 (o2 (% - % p)° 2
=k Bl Ry vt wbia vy - e 1[5k 1+ 963y + 9]

12 30
o [g2 (5 - %oy w2 L et (D24)

\

{y't 2 Tt 11} v'*“ (xk - xk- )2 (1] e 1]
sy [2otsp p? + vige2yy g + 353 - —-é-———{m 0%+ v [ty p? + 20wy l+7yk)]}

Xk y xkﬁ
L= xy dy &x = x dx
y 2
k-1 Xk-1
%y - )

X " %1 2 (xy
R L e SRR o1+ w1+ Tiden 3] - — Uk 1 [ric- 1751+ 950 ¢ Iy ¢ )
2
" " o T o Ul AR Y P " R
+ Vi [3xk-1(yk-l +yp) + X (dyy g + Syg )] - -T{(yk_ P 35xy g+ 29xk) + ¥y [62yk_1(xk_1 +x) + yk(Zka_1 + .:Sxk\.]}

(D25)
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" . 4
_ k- [yk_l 255 + ey,

2 205 2.2 2 v 3(., 02 2
PO I (Y Y B R " R Y

2
X,y
k-1 2 2 ) 2 2 wfel2 2 X ve 2 \
T Vo151 (9% - 20 -3 ) ook vy (org - 22xxy ¢ 256G ) > Vi ViVk- 1228 36xxy g+ 26%0 4 )

X}

L 2 . 2 2o [ 2 2 2 v 2 2
Yi- 1Ykk (26xk + 36:(‘8(“‘1 + 22xk‘1) - ykyk-l(‘sxk -~ 22xk)(k_1 + 9xk_l) * ¥ic¥x (35xk + zsxk‘k-l + E}xk< l)

2

(%, - x I { ‘
k~ Mk-1 20002 2 12000 2 O R Ty A 2
- r 1yk-l(’k»l) (19x) + ddxpx, 4+ 42!&»1) + ¥l ! (27!(k +38Bxx g+ 223)(-1} Ye-1%%-17 (M)xk + 80Xy +66xk")

~

Ay 2 o n2(00 2 .. 2 R T 2
sy v (6652~ soxx o aoxd ) vy, nof(ead - sanx e 27xE ) vy laaad s saxx | o10xd )
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i1 (8 = 07+ vl xy ) Yk Vi (% - ¥y

y = + - ; (x - % y)
6(1\k - Xk-l) X~ X 6

Yiee: Vi o1(8 X ,
. k-1 “k-1k k-1 (xk - x) ‘D7)
6

Since expansion and integration of this equation is very complicated, a simplification was
used. Note that for axial-flow compressor blade sections, the maximum value of X

(chordwise direction) with respect to the center-of-area reference is always greater than
the maximum magnitude of y. So x4 dx dy will be larger than y4 dy dx. Consequently,

[/x4 dx dy over the blade will always be greater than _/.]'y4 dx dy. Thus, the inte-

gral under consideration is essentially a second-order term for the blade-section twist
stiffness calculation. The use of a reasonable approximation in the computation of a
second-order term should not significantly lower the accuracy of the computed twist
stiffness. The approximation used is an average y'' for the increment.

ot _1 te te
v —E(yk_l + Vi)

The general equation for y by substituting y' for y._; and yi' in equation (D7) then
reduces to

- yk(x - xk—- 1) + yk—l(xk - X) ) y"(x - xk—l)(xk - X)

I

y
- X
Xk~ ¥k-1 2
Integratio i
eg n for Ixxxx gives
e S K 3.2 3 o 5 Ve n D g s 22 3 4
oocx S o 1k Y1 ket ket Tt ke T T R ik WiVik-1* Vi1 * k1

. 2 2 " 2 . 2
V' -x ) f 3 9 2 3 Yo xe )] 2 YU oEy ¥y - Xy )
- [ Y 1 Tk P ke T Y Yk B ke T Ve T T
4 6 2 22 J
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APPENDIX E

DEVELOPMENT OF EQUATIONS FOR bLADE-SECTION END AREA

AND MOMENT CORRECTIONS

The spline integrals properly summed give the major part of the moment values for
a blade section. The remaining parts needed are obtained from end-circle corrections.
The geometric shapes used for the end corrections are the sector of a circle and two
trapezoids (fig. 5).

Area and Moments of End-Circle Sector

The blade-end-circle size and location are determined from the blade-section sur-
face end-point coordinates and slopes, which are known from the spline curve fit of the
interpolated surface points. In general, the fcur conditions of two points and the slopes
at the points are an overspecification for a circle, which is a second-degree equation
with three constants. Since preservation of surface continuity is of first-order priority,
the compromisz is made with slope. The condition imposed is equal slope difference be-
tween the end circle and the surface at the suction- and pressure-surface end points.

The geometric placement of the blade-section end circle is shown in figure 11.

To give ry =Ty the equations for the end-circle center coordinates are

X, =Xy + Ty sin(nU + AK)

Ve =¥y - Ty COS(KU + Ak)
and
%o =Xp - Ty sin(nL + AK)
Ve =YL+ TL cos(xL + Ak)
Eliminate Xo and y c by subtraction:
Xy - XL = -rU[sin(r:U + AK) + sin(xL + AK)]

Yy YL Ty [:fOS(KU + AK) + cos(xL + An)]

11




Eliminate r,. by division:

(xU - xL) [COS(I\U + AR) + C()SU\L + .h)] - -(yL. - yL) sm(nL. + An) + Sln(AL + .\:\)]
Expand the trigometric function to get the solution for J«:
(xU - xL) (cos Ky €08 Ax - Sin K sin AK + COS Ay COS AK - sin K, Sin Ak)

. - { 3 . M - 3 3 . - - K ~ ~ 1 '\
= -(yU yL)\sm KL C0S AK + COS Ky Sin Ax + sin Ky, €0s AK + COS KL sin Ak

[(yU - yL)(cos Ky + €OS KL) - (xU - xL)(sin vt sin xL)]sin Ax

z -[(xU - xL)(cos Ky, + cos KL) + (yU - yL)(sin Ky * sin KL)](‘()S AYN

) (xu - xL)(cos Ky + cos xL) + (yu - yL)(sin Ky + sin xL) (ED)

For computing purposes, the more appropriate equation for ry is

Yoy o ¥
(cos Ky + cos xL)cos Ax - (sin Ky + sin xL)sin Ak

l‘=l‘U=

because Yu is never equal to YL whereas xy may equal R
The area of the leading-edge end-circle sector, which is shown in figure 11, is

n+8L r u+9L rz r2
A= rdr do = —(B:—(a+8L-8U) (E3)
2 2
(1}

where Uy =KL+ Ax and oU =Ky + Ak. The first moments of the end-circle sector

are




2 7.'+UL 3 F+"L 3

=X, %— 4 + L cos "\'\;c - {3— (cos - L Fvos t'L) (E4)
'y U
_ u+8L r m—UL r2 5
Ay = (y.+rcos)rdrdy = —(y +>=rcos 8) dv
¢ 2\¢ 3 ,
%y Yy
rz n+8L r3 zr+c?L r3
=y, — 8 +— sin 8 = Ay, - = (sin ¢, + sin d;) (ES)
c 2 ) 3 C 4 U L
Yy 0U

A similar development for the trailing edge gives slightly different results. How-
ever, a general similarity is restored by using the negative of the trailing-edge area,

A= 52. By, -ty -1 (E6)

in the preceding and following moment equations. This procedure gives negative values
for al! trailing-edge area and moment values, but it is a convenience in the program to
use the same coding for pboth ends.

"4 For the terminai calculations. higher moments are also used. Such equations for
tar end circle follow:




rr+9L r 9
Ixx:/ f (y.+ r cos 6)°r dr dv
b , c
dU 0

T+,

H

2.2 3
/y r 2r-y 4
c . € cos @ + L cosZ%dQ

\2 3 4

_ /
U
2 9 THYY 3 77+<)L . F+0
- Vel p . 2ry sin 8 +5_‘_}_ ¢, sin 20 L
2 3 4 \2 4 g
HU HU U

3

1)

\ 4 8

r2 2r Yo r4
(yc + —)A - . (sin vy + sin ﬁL) + — sin(6; - GU)cos(BU + GL)

(E7)
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TH»@L r
I‘{ = / / (x, - rin v)(y. + r cos »)r dr dv
Xy / A c c

U

7+8
L Xy r2 (x, cus » -y _sin n)r:3 4
- cec ,_ ¢ < - X sin v cos ¢]dv
2 3 4
v
n+8 T+4 m+6 :
xcycr2 L xcr3 L ycr3 cos 9 L 4 smza "WL
={-£< g4 + sin + | —— o
2 Joy 3 Iy 8 0y 42y, (E9)

3 4
- - __r 3 1 5 - ___r i - i i $
= xcycA 3 [xc(sm vy, + sin 6U) + yc(cos 9L + cos OU)] . (sin BL sin 9U)(sm aL + sin OU)

(E10)
7+9 r
= L/ (x —rsinv)“rdrdﬁ
Yyyy (. ) c
YL g2 5,3 2:4 2 P o3 S g
= x~-4x-—s'm:voﬁxc—s'm8~4xc—sin~_9+—s'mﬂd-ﬁ
c2 €3 4 5 6
(]
]
- : +0
2 ru-yL , 3 n+c)L 4 . ',ﬂiL 5 1:+VL 5 . T L
(%) L a(xEcoss +6x§5—(l’--5—"l-z—” ¢4xcr—[-c—°—s—”(2¢sin29)] .s-(k-Mdin_‘z
2/, 3 o 1\2 4 /. 51 3 , H\8 4 32 ),
U u ‘u u U

4 2x o
4 3 .22 r 3/ "¢ 2 ; 2, . .
= ( et Excr + ?)A .r j_ [(mxc + GrZ)(COs by + co8 )+ r (sin 2:(,,‘ sin k; + 8in Ky, sin ZKU)]

L 15

2
r 2.r ; in 2 r .
+ g[(sxc + ?>sm 2«)L - gin 28U) - ; (sin 46, - 8in wv)]}
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= ‘.4 L. 4yq ooos e Sy% L L‘USZ‘ - 4yc Lo ("1213" N L'L:s4f- d-
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x.y n+d L m+6p 6 /s, . L
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U

2 2 2
_t.22 r°f 2 r 3 : LT
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2
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(E12)
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Area and Moments of Trapezoius
In addition to the end cir~les. values for the two trapezowdal pieces (as shown in

fig. 5) are also needed to properly account for the blade-section erds left from the spline
integrals. The following equations for the trapezoids use the nomenclature of ficure 11:

1 1
A = -2 (Xc - ‘Y‘U)(yU + y(‘) + E (XL - xc)(yL * y(‘-)

,_ 1 YR v _]_~ - . 3 1
= E (xc AL.)(}U }.L) + 2 (xL x'_v.)( SR (E13)
_ X o+ Xgoy ZV.,.J-x(_ Xo+ YL
. . ;¢ Ly - i . v ———t, t v - ¥ ——
Ax = (XC XU)yC + 5 \xc XLr)\fU )C) 3 + L -c)yL

2%, + X
, c L
vk - %0 - yp) 3
X - X, X - x
__cC U [:yc(ZXC + XU) + YU(ZXU + xc)] + L "¢ [yL(xc + 2xL) + yc(2xc + xLﬂ
6 6 - i
(Ei4d)
3 Ve 1 Yy + ¥ YL 1
Ay = (Xc - XU)yC '2— + ‘2' (Xc - XU)(YU - yc) -———-:;— + (XL - Xc)yL ? + _2. (XL - XC)
y. + 2y
X (yC - YL) ________C L
X - \ X - X
2 2 )
-2t (YU +YyYe t Yc)+ L ¢ : < (yi +Y. Y+ yg) (E15)

6 \

Higher moments for the trapezoidal-shaped pieces are needed in the terminal calcu-
lations. The values ot these highe: moments were fourd by integration. For the trape-

zoid with a corner at the suction-surface-curve end point,

yU—yC
Pt TN T
U c

83




The form of this equation for integration is a + bx where

YU'Y
C
a=y,-X, ——
KU-XC
and
b:Xll_'_Y_c
XU-KC
x y y x x
lyy=_/c/ x? dy dx + /XL/ xzdydxzfcy:xzdx+ L yx2 ax
Xy 0 x, 0 Xy X,
X x
¢ Yy - ¥ Y - Ye Y- ¥ Ly,-y
=/ (Yc X Y c)‘ v E)xdx+/ - X¢ L c)xzd:u- L e dax
4 XL~ %e : L%
U c
X x x
i [<y Yy yu'9c>x_’]c (YU—"szf)‘ﬂ[(y T yc)xﬁ'IxL+<‘yL-_1§£)L
c e c ¢’ "
o Y xu Xy - % 4 Xy "L'xc,s-'xc X% 4 X,
1 Yu "I\, 2 1Yy " Yer, (2 Cox2) .43 ’
= (x, - xU){§<yc - X F— X, + X Xy +xU) = [xc(xc + X Xy +xU)+xU |
c U Xe “

Lxc

45 - % I‘(

)(xz expng +52) + IZL;E[,3+(,§+XL,¢+,§)XC]}

éxL-xc

(x; - Xyl¥e 2\ Xy - v 2\ _Ju-Ye 3
——-——————3 (X£+X XU+X ) ————12 (xc+xch U) U
(XL - XV (2 2 xc(yL B yc) 2 2 V" Y .3
+—-—————(xc+xcxb+xl‘) -—————(xc+xch+xL)+- X, (E16)

3 12
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bt )y xloh -

X X
¢ o 4{"L
("L + b x)
e + e
12b 12b
I Xe
-~
4 L
& ‘E17)
X
- C

3.2 2 3\ *r "% /3 2 2
c(yc"yc’u*yc"u*yu)*‘—_"L c(”c*’cyL*ycyL*y‘I’)

12

X 1=
4 K 8
tag + by i ala; ~byx)

] 2 4 x
[xU (3"?.' + 2yl}yc * yg) * xc(yi. * szyr * 3)'!23)] *

(E18)

85




86

30

hYs v \ v
1.',‘,.“. = f ) / 3 dy dx - / L f Uy dx
R X 0 X 0
L .
P . X d,. _ . by . ~
= “lap - b . L ay - b ‘-)x4 dx - j! 2 { H L v T h_x'i' b 6
X v t ! L. I e 1 ¥ i ! LX) x|
v Xe 5 0 3 ! i
-z . 2.2 3 4 "‘[‘ Y 3 2 2 .
Xq '(L)\x XX X KXY . x!A; . _va-(.)-(— \(‘(\\ A \2.\( . x ,(g e
Yu - Y. y V. o- v .
_L €5 ¢ 2 3 4 LY / 4 3 2 ¥y Y. =
P e R R AR T XL a e e sl e xd) o B 5 <X
(£19)
Xe v XL v Xo L x[.’ ' ’5
\a,. » b,.x) L, +~b.x
I, = y4 dy dx « y4 dy dx = L Y odx . Lt dx
XAXX 5 5
Xu 0 Xe 0 X X
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APPENDIX F

DEVELOPMENT OF BLADE BENDING MOMENT EQUATIOMS
The centrifugal force on a blade mass element dm 1is
dF - dm  a
dF - dm- w? - r (F1)

For a thin blade section, this force is approximated by

dF - A dr 2. (F2)
a
<g

A corresponding bending moment on :his blade element is

dM = dF - ¢ (F3)

Bending Moment from Centrifugal Force Acting with a Meridional Plane Lever

The net effect of centrifugal force on a thin blade section can be considered as a
summed force acting at the center of area of the blade section. This force acting with a
lever arm in the meridional plane can be expressed as

I'-l'h

12

dM = dF tan A

where X is the stacking-axis lean shown in figure 12.

r
t J
2 2
Ma = pw_tan A Ar(r - rh)dr = |-LY Ar(r - rh)h tan A = (Ca)tan A
144¢ 144g =1 (F4)
A =
h
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Definition of Tip Volume Element for Moment Corrections

When the end streamlines are sloped, the previous summation is not complete. The
wedge-shaped excess and decrement masses {rom the tip blade section should be ac-
counted for because their centers of mass are far from the stacking axis (fig. 7). The
material at the hub, for practical purpouses. can be considered as part of the blade base:
s0 no moment correction is made for the oifset hub material.

The reference plane for excess volume definition passes through the stacking-line
intersection of the end of the blade at the tip (fig. 12). The height of an eiement of ex-
cess volume is the radial distance from the local tip edge of the blade to the reference
plane. The side surfaces of an element of volume are approximated by radial projection
of the reference section shape. In the tip region, the blade camber is usually quite
small; so a simpie linear fit between the blade-section definition points was used. The
resulting equation for the path between surface points is a line

yilx - xp )+ ¥y, (%, - %)
y:'i(_ k-1 k-1"k (F5)

*k ~ *k-1

The moments are needed in the axial and tangential directions. Since the wedge ele-
ments are also more naturally defined in an axial-normal coordinate system, the surface
definition equations are redefined in the rotated coordinates shown in figure 13.

z = X Cco85 -y sing (F6)

n=xsiny +ycos; (F7)

The coordinate z is the new independent variable. and n is the new dependent variable.
Tu get a relation between x and 2z, use equation (F5) in (F6). The result is

oo A Xy - gy - Vg Xsin Y

(F8)
(xy = X peos i =y -y _y)siny

Substitution of equations (F5) and (F8) into (F7) e1* ¢5 rhe rotated form for n in terms of
knowns and the independent variable

) [y - % psiny + (yy -y Peos v]z 4y 1% - v
(xk R l)COS Y - (yk - yk-l)Sin Y

n

(F9)
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For integration purposes, equation (F9) is expressed as

n=Az +B
where
A - (X) - Xy p)sin g + (¥ - ¥ y)cosy
(%) = X pleos ¥ - {yy - ¥ _)siny
and
B - Vi- 1%k - Yi®k-1

(xk - Xy 1)cos y - (yk - Y- 1)sin ¥

Tip Correction Moment for Centrifugal Force Acting in Meridional Plane

The bending moment associated with forces acting in the meridional plane is defined
as positive in the counterclockwise direction in figure 12. The differential moment for
the tip correction can be expressed as

dM = dm w’Tl

where r is the average element radius
dM 2 d(Vol)w?rt
g

- P _(n - 2z -
dM e (ns np)z tan o dz w r[z + (x-t rh)tan x] (F10)

The tip correction from the center of the leading-edge circle to the center of the trailing-
edge circle is




“te 2
£% an a(.n -n)rzlz + (rt
144 p

M

daa - rh)t;m \j d.

n . )
. L“" R T / [A 7+ B - (.A B !i/[,' Sirg s ar _:t’
144y -

n- 1 n~

The integral is applicable between surface points after the equations f
have been substituted. Since the constants change for a point on either surface. the
number of summation terms is 2k - 2, where k

o line sevments

is the number of points on cact sur-
face. The term r was removed from the integral because it is rel

atively independen:
of z for the integration increment between surface points.

] g 7. 7
tan o " = n 3 .2 s T 2
My ot g r'/ [, -2, -ByefJaz (e, - e l/ A AL
My, T4g FL‘ A N p B p) + (r( rh an ., R —\; B

[Se—'1

(F1D)

The previous summation carried from the leading-edge-circle center to the trailing -
edge-circle center. The edge circles have the largest element height, so they are ac-
counted fer too. The approximations used are illustrated in figure 14. An end semi-
circle is used, with the shaded areas considered to approximately compensate each

other. The center of area of the end semicircle is 4r /37 from the circle center. The
end-circle moment additions are expressed as

2
S 2—-ar 4r
Mda:i%l—r-—zﬁ(ze tan o) Z, t 3 t - rh)lan A “F12)
g -

"




The minus sign is used tor the leading-edge circle, and the plus sign for the trailing-
edge circle.
Stacking-Axis Lean Angle from a Moment Balance in Meridional Plane

When equations (F4). (F11), and {F12) are summed. the bending moment due to
centrifugal force of the blade mass is expressed in terms of the lean angle A as

Ma = Da + Ca tan A (F13)

The lean angle which will baliance the axial component of the steady-state gas bending
moment Mba is then readily availabie from the moment balance

My, +M, =0
Mba+Da+Catan)\=0

SO

+D
tan A = - i’f"ié__i (F14)

Ca

Stacking-Axis Lean Angle from a Moment Balance in r-6 Plane

The procedure of determining a stacking-axis lean angle in the r-6 plane is similar
to that used in the meridional plane. The bending moment produced in the r-6 plane by
centrifugal force acting at the zenter of area of blade sections has the same form as
equation (F4),

M, = (Ct)tan n (F15)

where Ct is equal to the C a of equation (F4). The moment is positive in the counter-

rotational direction.
For the tip correction moment, the differential moment arm is expressed with a dif-

ferent equation; so it is necessary to go through a separate development.
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(F16)
For the end semicircles, the equation is
2
2= r
W
Mdt =pLPr_e Zg tan a[— n, + (rt rh)tan :7] (F17)
144g 2

When equations (F15), (F16), and (F17) are summed, the moment equation in terms
of the tangential lean angle is

M, =D, +C, tan 5

The gas bending mom nt Mbt is calculated with the opposite sign convention of the mo-
ment produced by centrifugal force. Thus, the moment balancing equation in the r-+
plane is

M; - M =¢
Dti-Cttan n= Nﬂn

-D
tan n My - Dy (F18)
C
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Bilade-Element Coordinate Adjustments Associated with

stacking-Axis Lean Adjustments

The blude-edee coordinates change with changes in stacking-axis lean. These
chanyes can be approximated by blade-element translations on the cone. Thus, the shift
of blade-eduse coordinates for a blace element is assumed to be the same as the shift of
the stacking-axis intersection with the blade element. The reometry associated with the
shifts is shown in figure 15, where A is the new stacking-axis lean in the meridional
plane and Ao is the stacking-axis lean from the previous iteration. The equations for
the three linzs are

r, -rg= (zn - zo)tan v (F19)
Zg -2y = (r0 - rh)tan Ao (F20)
z -z =(r - rptan (F21)

To elisinate zp, subtract equation (F20) from (F21).

-z, = - - -y A
z, " 2g (rn rh)tan )\n (ro ryitan A
Then, to clininate v, use equation {F19) in the preceding equation. The 2z shift can
he expressed as

(rn - ry)(tan x_ - tan Aj,)
z, - zg - 0 h n 0 (F22)
1 - tan o tan An

The r shift from the use of equation (F22) in (F19) is

) (r0 - rh)(tan Ap - tan )LO)

r - ry tan a (F23)
' 1 - tan a tan )\n

The blade stacking-axis lean angle X is not directly stored in the program. Itis
calculated from stacking reference points at the hub and tip. Since the hub point is the
fised roference stacking point, it is necessary to relocate a point at the tip to conform

with the new A. The new tip reference point will be assumed to lie on a line which
passes through the old reference point with the slope of the tip blade-element cone.

; ¥




oince the tip casing wall may be curvad, the new tip reference point may be slightly off
the physical wall; but this is of no tonsequence since the point is only used for a
stacking-point reference. The equation used for Z, = 2¢ 1n the program appears dif-

ferent from equation (F22), but it is the one obtained by using equation (F20) in (F22) to
eliminate /\0.
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APPENDIX G

BLADE-ANGI.E CORRECTION FROM LOCAL STREAMLINE

SLOPE TO LAYOUT-CONE SLOPE

The differential blade-element-edge ancle c..rrection from a local direction «a to
the layout-cone direction @, is illustrated in figure 16. The equation used to express
the relation is

. eH oL
rdo, rdd—r—a—r(ar-drc)
tan Ke = = =

dmc dmc

. 20 (dm)sin o - (dmc)sin @,
cr dm

s
FE

i
~

i - CcO i
cos a, riQcosar sin o - cos & sin a,

c
= tan K -
st coSs « ér cos o
cos a sin(a - o)
= tan kg, — C_rifi_____ﬁ_ (G1)

cos ¢« cr cos o

In equation (G1) the blade angle on the layout cone is expressed in terms of the o direc-
tion angles, the blade-edge angle on the local streamline, and r(08/dr) Th¢ only un-
known is r(d6/4r), which must be determined from a fit of blade-element en points
across stacked adjacent blade elements. Since the blade-element end points were set
up in a common coordinate system in subroutine POINTS, the end points are curve fit
directly for the slope r(do/dl). Since for normal blading the slope is relatively low, a
simple three-point parabolic curve fit was considered adequate.

The curve-fit value, r(d¢/dl), can be related to r(d¢/3dr) through the directional
derivatives associated with the geometry shown in figure 17.
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o R : a e ) oM
I — - I — =~ + ] -— =% I' — COS A + T -~ sin A (G2)
474 o 2ol T sz

Another equation in terms of the known partials is the one for the definition of the blade
angle on the cone.

¢ c d ¢t dr cd . co
tanxczr—g—zr~—L+r~—:r—sxna +Tr-—cos & (G3)

- - o C
N ; S \
cimc or do ¢ cz dmc or cz

The elimination of 30/2z between equations (G2) and (G3) yields an expression for
r(26/3r). After some trigonometric manipulation, the equation can be expressed as

cos a
r-q-e:rg-g—————‘:——-tanxc——-—)———— (G4)
or di cos(ac + ) cos(ac +1)

Now there is a choice either of substituting equation (G4) into (G1) so that r(dg/dZ)
is stored and used directly or of using these equations separately so that r(dd/dr) is
stored. The latter approach was used in the program because of procedural considera-
tions. First, note that it is not desirable to compute r(dd/dl) as needed when calcu-
lating successive streamlines because a different level of iteration would have been made
on the ends of the curve used for the fit. So instead, curve fits for r(dé/dl) are made
after the same level of iterative adjustments has been made for all blade elements.
Secondly, the direction of . changes during stacking-axis lean adjustments, so it was
considered fundamentally better to save r(d6/dr) between iterations since the deriva-
tive direction is constant. Thus, the procedure in the program is to obtain r(ds/dr)
values from equation (G4) with the curve-fit value of r(d6/dl). These r(d9/dr) values
are stored between stacking iterations so that they can be used in equation (G1) when
needed.
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APPENDIX H

DEVELOFMENT OF EQiJATIONS FOR TORSION CONSTANT

The torsion constant is a geometry parameter which is used for both stiess and
bl e uniwist deflection calculations. It is defined in reference 6 as

K=z—> —— (31)

where

A is the section area, t is the thickness normal to the blade-section median line, and
U is the length of the blade-section median line. The blade-section geometry param-
eters are illustrated in figure 18.

Unfortunately, the blade sections are not defined in terms of a median line and thick-
ness. They are defined by 13 points on each surface. These points, however, have al-
ready been curve fit for the purposes of determining blade-section areas and moments.
The surface curves provide sufficient information to calculate a blade-section thickness
everywhere. The trace of the median points of these thickness paths defines the median
line.

While this approach is good in principle, it is difficult to apply in the full differential
form because the general equation for t is too complicated for the subsequent integra-
tions. So instead, the principles are applied in a piecewise way from the surface defini-
tion points. Specific thickness paths are calculated at the surface definition: points. The
median path passes through the midpoints of these thickness paths. The slope of the
median line at these points is the average of the surface curve slopes at the end points
of the thickness path. Then using the centerline path as the independent variable, a gen-
eral thickness ie defined by a cubic curve fit of the end thicknesses and the slope differ-
ences between the suction and pressure slopes at the ends of the segment-end thickness
paths. A more detailed description of the procedure follows.




Definition of Blade-Section Thickness at Pressure-Surface Points

Let the piecewise segment junctions be at the pressure-surface definition points.
At these points, the thickness path t, which is shown in figure 19, satisfics the angle
condition

= p
a, = —— (H1)

On the suction surface, the point which satisfies this condition wiil generally be offset
from the corresponding suction-surface definition point. The suction-surface point
which satisfies the angle condition is found with a simple iterative procedure. For the
first trial, the suction-surface point corresponding to the current pressure-surface
point is used. The angle ) is defined from a trial suction-surface point as

X -X
tanr =-P__8 (H2)

The convergence criterion is then expressed as la9 -2 <0.0001.

When the convergence criterion is not satisfied, the point adjustment mechanism is
derived from an assumption of negligible suction-surface slope change for the adjustment
increment. An equation for the new point along the suction surface is

Yo - ¥
tan ¢_ = =50 (H3)

)
- X
XS sn

An equation for the new point along the thickness path is

X - XS
tan o, = 250 (4)
Yen = Yp

Upon elimination of Ygn between equations (H3) and (H4), the equation for X 1S

(yP - yS)tan a, + (xp - xs) (H5)
1 + tan a, tan ag

This value of Xsn is used in the spline equation for the appropriate suction-surface s.g-
ment to get yg, and ag for the new point.
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When the convergence criterion is satisfied, t is expressed as

2 2
t= 4fxg, - xp) + (Ygp - yp) (H6)

Median Line Length of a Segment

The thicknesses and their associated directions at the end points of a segment are
used to define the segment centerline-path length shown in figure 20. The centerline
path passes through the midpoints of the segment-end thicknesses. The straightline
length between the points is

2 2
! - i(" ks k" %p k-1 %, k1) *Op k* Ve k" Vp k1 Vs k1) (HT)
2

The path Uy has an angle difference of o k-1~ %. k between the ends. I it is as-
sumed that the path is a circular arc, the pzith U is expressed as

l
o - o Y (s (04
uk - 2R aJ k“lz a,k - 2 2 a k’lz al_ls
o - ¥
sin —2,k-1" T2k
2
%a,k-1" %,k
=1 2
- o o - 3 (34 - 5
%3, k-1~ % k_1(%,k-1""a k) . 1 (Ta k1 “ak) .
2 2 120 2
w L (H8)

Definition of a General Blade-Section Thickness

A general cubic equation for the thickness of a segment is
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3

l:a+bu+cu2+du (H9)

Two conditions for the evaluation of the four constants are known thickness at the ends,
or

t=t,_, at u=0 (H10)
and
t = tk at u= uk (H11)

The other two conditions come from the slope difference between the surfaces at the seg-
ment ends.

(s 4
P, kK (H12)
1+ tan as,ktan ap,k

s =tan(eg - o ) =
They are expressed as
s =81 at u=0 (H13)
8 =8, at u=up (H14)
Application of the condition expressed by equation (H10) directly gives
asty (H15)

The derivative of equation (H9) is

=b + 2cu + 3du® (H16)

&

Application of the condition expressed by equation (H13) directly gives
b =8, (H17)

When the other two conditions are applied, the equations for the other two constants are
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and

The geaneral equation for t, thereiore, is expressed as

2s +S 3(t -t,) s +8, 2(t
k-1t %k, M1 T2 (Tl TR, e

(H18)

(H19)

1" %] 3

t'——-tk_l'l’sk_lll‘ 2
Uk u2 u
* k k

Integrals of t with Respect to du

For ihe area of a segment, the integral is

u t +t S, - S
As./o‘ktduz(__k_‘_l__l?)uk+< . k)ui

2

The integral for F for a segment is

u u
ktsd_ k( P 3)3
u = a+bu+cen®+du du
0

0

u3
K

u

(H20)

(H21)

Some of the integration bookkeeping can be reduced by use of integration by parts.

fwdv:wv-/vdw

Let w=t
dw = 3t2 dt = 3t2(b + 2cu + 3du)du

v =u, and dv = du. Therefore,
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Lk ug Yk
/ t3 dv = (13u)0 - / 3t2(bu + 2(:u2 + 3du3)du
0 N

The same procedure could be used on the remaining integral; however, at some
point an integral has io be evaluated. The resulting equation is

U
k u
3 0 (423 2 2 a3} 'k
{ Cdu= (a3 w2md v com 2. 43tk)—1;6

2
2 2 2 2} 1Y%

3
2 27 %k
+ [(lﬁtk_l + Btk)sk—l - 18(tk_1 + tk)sk-lsk + (8tk_l + 16tk)sK]-—-

840
2 2 uy
K

End-Circle Contributions to Integral F

The major part of F for a blade section is obtained from a summation of the seg-
ment contributions as determined from equation (H22). A minor addition is made for the
end circles. The geometry for this is shown in figure 21. The independent variable for
the end-circle integration u is referenced from the end-circle center. The limits of the
integration are from r sin(afs - ap)/Z to r. The local thickness is

t=2dr2-u2

So the integral for an end-circle contribution to F is

r r

Let u=rsin 6, so du=r cos 6 d§d and
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o
0o |

j t3 du = 8 [rz - {r sin «i)2] r cos i dg = 8r4 cos4d de
a. - o - .-
r sin =P s p 5™ %
2 2
—-r—‘-l- {3(11 - +a)-sin(a, - a )[4 +cos{a. - )]} (H23)
"3 Y% % %s " % s~
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APPENDIX I

PROGRAM INFORMATION
The program information presented is (1) a description of the input parameters,
(2) a description of the variables in the program commons, and (3) a listing of the pro-
gram.,

Description of Input Parameters for Blade Design Program

The format for the inpu: data described below is given in figure 22.

Parameter Description Format
symbol
AA Incidence-angle option for blade design purposes. Inter- A4

pretable options are 2-D, 3-D, SUCTION, and TABLE.
A noninterpretable incidence option word is set to the
2-D cption. The 2-D and 3-D options mean incidence
angles are determined by reference 2 procedures for

the respective option. The SUCTION option gives zero
incidence to the suction surface of the blade at the lead-
ing edge. The TABLE option means the blade incidence
angles for the blade element will be input in tabular form
INC(IROW, J), at the end of the data set.

’

AB Completes the incidence TABLE option. Tc reference in- A4
cidence to the suction surface at the leading edge, the
eight columns of the card for AA and AB must read

EA_‘;B_I,E_\S,S. (If AB is anything other than E SS, the in-

AA AB
cidence angles will be referenced to the leading-edge

centerline. )

3B Deviation-angle option for blade design purposes. Inter- A4
pret.ble options are 2-D, 3-D, TABLE, CARTER, and
MODIFY. Noninterpretable input is set to the 2-D op-
tion. For the 2-D and 3-D options, deviation angles are
determined by reference 2 procedures for the corre-
sponding option. The CARTER and MODIFY options are
now the same in the program. They indicate the use of
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Parameter Description Format
symbol

Carter's rule with a modification when blade elements
have different camber rates on the front and rear seg-
men.: of a blade element {eq. (21)). The TABLE option
means the blade deviation angles for the blade elements
will be input in tabular form, DEV(ROW.J), at the end
of the data set.
BMATL(IROTOR) Rotor material density, lbm/‘m.3.
number is input, the blade will be stacked so as to bal-
ance gas bending moments with the centrifugal force

If a positive nonzero F10.4

moment for the material density (see section Balancing
of Bending Moments on p. 31). The hub stacking point
stays fixed, so the tip location is moved if necessary.

BLADES(IROW)  Number of blades in each rotor or stator blade row F10.4

CcC Blade-element geometry option for blade design purposes. A4
Interpretable options are CIRCULAR, OPTIMUM, and
TABLE. The CIRCULAR option gives equal segment
turning rates. Noninterpretable input will be set to the
CIRCULAR option. The OPTIMUM option means that
the ratio of blade-element segment turning rates will be
set by an empirical function of inlet relative Mach num-
ber M'l. Below a M'1 of 0.8, the blade element will
be a circular arc. As M| is increased, the ratio of
front-segment turning rate to rear-segment turning
rate is reduced. A limit of zero camber ci the suction
surface of the front segment is approached at a M1 of
about 1.60. The TABLE option means the ratio of
blade-segment turning rates will be input in tabular
form, PHI(IROW,J), at the end of the data se..

Constants to define ratio of blade-element chord to tip F1C. 4

chord on projected plane.

CHORDAGROW)) | ¢ _ | g, R.CHORDA(IROW) + R®- CHORDBROW)
CHORDB(IROW) (< ¢,

CHORDC(IROW) | + RY. CHORDC(IROW)

L where R = (rt - r)/(rt - rh) or a iraction of the annulus
height at the blade mean.
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Parameter

symbel

CHOKE({TIROW)

CPCO(I)
for I=1,6

DD

DEV(IROW, J)

EE

Descriptivn Forma:

D¢ tred munbaum »5'io of excess ~ea i choke area Fooo4
within a tiade passage. If zerc is inpui, no adjustment
~ill be attempted within the jrugraur.  For input values
greater than zero, incidence angie wiil be incrcased as
necessary to a maximum of +2.0° on the leading edge of
the suciion surface in an attempt to give the specified
choke margin at the covered channel entrance.

Constants for the specific-heat polynomial functior of tem- E20. 8
perature.

C, = CPCO(1) + CPCO(2)- T + CPCO(3)- T2 + CPCO(4)- T3
+ cPcot) T 4 crco(s)- T°

Option control of location of transition poini between seg- A4
ments of a blade element. The interpretable options are
CIRCULAR, SHOCK, and TAELE. The SHOCK option lo-
cates the transition point on the suctioa surface at the nor-
mal shock impingement point from the leading edge of the
adjacent blade. The TABLE option means the location of
the transition point will be input in tabular form,
TRANS(IROW, J), at the end of the data set. The
CIRCULAR option and noninterpretable data put the tran-
sition point at midchord.

Deviation angle (3«g), which mmay be specified by option. If F10.4
the tabular opt.on is used, a value is expected for each
streamline starting from the tip.

Option control of location of maximurr -thickness point of a A4
blade element. The interpretable options are TRAN and
TABLE. The TRAN option and noninterpretable options
will set the maximum-thickness point at the transition
point. The TABLE option means the maximum -thickness-
point location will be input in tabular form,

ZMAX(IROW, J), at the end of the data set.

Completes the TABLE option of the maximum -thickness A4
location. If the eight format spaces in figure 22 appsar
as TABLE LE, the input values of ZMAX(IROW. J) will
EE EB




Diyrameter
symbol

INC(IROW, J)

IROW

MOLE
NXCUT(IROW)

NSTRM
op

orPO
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Description

be used as the fraction of chord distance from the leading
edge. If EB is not as shown, the values of
ZMAX(IROW, J) will be used as the fraction of chord
distance behind the transition point.

Calculating station index. Each blade row accounts for two
calculating stations, one at the leading edge of the blade
and the other at the trailing edge.

Incidence angle (deg), which may be input by option. If the
tabular option is used, a value is expected for each
streamline starting from the tip.

Blade-row index

Streamline index. Streamlines are numbered from 1 at the
tip.
Molecular weight of gas (28. 97 for dry air).

Number of sections across a blade for which fabrication co-
ordinates are desired. If zero, the program will set the
number of XCUT's on the basis of aspect ratio. For all
positive values, the program will set appropriate loca-
tions to represent the blade. Negative values of
NXCUT(IROW) activate an option to read cards for the
XCUT values. The number of values expected for a blade
row is the absolute value of NXCUT(IROW).

Number of streamlines (maximum of 21)

Option controlling amount of output information desired.
Interpretable options are APPROX., VEL. DIA., DE-
SIGN, COOR., PUNCH, and ALL. The program as pre-
ser*-d in this report is not run in conjunction with an
aerodynamic design; so it essentially always uses the
COORD option, which gives the printout of blade-section
properties and coordinates for fabrication.

Option controlling output from systems peripheral equip-
ment. Options to get blade-section coordinates on
punched cards and on microfilm exist for the NASA

Format

(not in-
put)

F10.4

(not in-
put)
(not in-
put)

F10. 4
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Parameter
symbol

PHI(IROW, J)

PO(1,J)

R(1, J)

RBHUB(IROW)
RBTIP(IROW)
ROT

SLOPE(L J)
SOLID(IROW)

TALE(IROW))
TBLE(IROW)
TCLE(IROW)
TDLE(IROW)

Description

Lewis Systeni. The option is specified by only a single
letter in card column 16 of the 17-20 column field for
OPO. M gives microfilm coordinates. P gives punched
cards. B gives both microfilm and punched cards. Any-
thing else gives neither.

Ratio of inlet-segment turning to outlet-segment turning
(ratio of dx/ds’'s) for a blade element. If input values
are expected by use of the tabular option, the data cards
go within the optional cards at the end of the data set for
each blade row (fig. 22). A value is expected for each
streamline beginning from the tip.

Stagnation pressure for each streamline starting from the
tip, psia

When blade edge coordinates are input, PO(I, J) is a tem-
porary storage location for the radial coordinate of the
points.

Radius of each streamline at blade-edge reference stations,
in.

Radius coordinate of hub stacking point, in.

Radius coordinate of tip stacking point, in.

Compressor rotational speed, rpm

Streamline slope angle at blade-edge stations, deg

Tip solidity of a blade row (chord/circumferential spacing)
(Polynomial coefficients for ratio of blade-element leading-

edge radius to chord

Ye 2 3
1€ _ TALE + TBLE-R + TCLE-R? + TDLE- R

c

where R is (rt - r)/(rt - rh) or the fraction of passage

height at blade leading edge

Format

F10.4

F10.4

F8.4

F10.4

F10.4
F10.4
F10.4
F10.4
F10.4
F10.4
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Parameter Description
symbol

TAMAX(IROW) Polynomial coefficients for ratio of blade-element maxi-

TBMAX(IROW) ruum thirkaess t chord

TCMAX{IROW) tnmx . 2 3

TDMAX (IROW) C-»- . TAMAX - TBMAX- R + TCMAX- R“ + TDMAX' R

(Polynomial coefficients for ratio of blade-element trailing-

TATE(IROW) edge radius to chor?

TRTEIROW) ) t

TCTE(IROW) e _ TATE + TBTE- R + TCTE- R? + TCTE- R’

TDTE(IROW) ¢

_ where R is (rt - 1)/(r, - rh) at the blade trailing edge

TILT(IROW) Circumferential direction angle of stacking-axis tilt at hub,
deg. The angle is positive in the direction of rotor rota-
tion. If |TiZ.T(IROW)| is greater than 100.0, a curved
stacking line is specified according to r - r, = C sinv,
where y is the local stacking-line slope with respect to
a local radial line. The code of the digits of TILT(IROW)
is -X XX XX. XX, where xx isthe y angle at the hub in
degrees with the sign of the overall TILT(IROW) number,
and xx.xx is y atthetipin degrees.

TITLE(]) Description of blade row for printout and later identification

TO(I, J) Total temperature for each streamline starting from the tip,

°R

TRANS(IROW, J) Location of transition point on blade-element centerline as
a fraction of the blade-element chord. If input values are
expected by use of the tabular option, the data cards go
with the optional cards at the end of the data set for each
blade row (fig. 22). A value is expected for each stream-
line beginning from the tip.

VTR(IROW, J) Tangential velocity component at blade-edge stations, ft/sec
VZ(IROW, J) Axial velocity component at blade-edge stations, ft/sec
XCUT(IC) Radial location of blade-section planes. Whether or not

data cards are read for values of XCUT(IC) for a blade
row is controlled by the value of NXCUT(IROW). Any
XCUT(IC) cards are read in an output routine so they
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Format

F10. 4

F10.4

F10.4

18A4
F10.4

F10. 4

F10. 4
F10.4
F10.4




Parameter Descriptiion Forrmat
symbol

must follow all cards read in subroutine INPUT. It is
preferable, but not necessary, to list the XCUTS(IC)
for a blade row in order starting from the tip.

Z(1,J) Axial location of blade-eage reference velocity diagrams, F10.4
in.

ZBHUB(IROW) Axial location of hub stacking point, in. F10. 4

ZBTIP(IROW) Initial axial location of tip stacking point, in. F10.4

ZMAX(IROW, J) Location of maximum-thickness point on the centerline as F10. 4
a fraction of blade-element chord. If input values are
expected by use of the tabular options, the data cards go
with the optional cards at the ei.a of the data set for each
blade row (fig. 22). A value is expected for each
streamline beginning from the tip with a leading-edge or
transition-point reference according to option (see EB).
With a transition point reference, the values input are
(cm - ct)/ ¢

Description of Program Variables in Commons

Symbol Common Description
AC RCUT Area of blade-section end-circle sector
AL MARG AQAS value for some other location in blade-element
channel
AMACH BLADES Average inlet relative Mach number for shock at a blade-

element channel entrance

AOAS MARG Ratio of blade-element area to choke area at some chan-
nel location

AQOA1l MARG Ratio of a local blade-element channel area to blade-
element inlet relative flow area
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Symbol

AOC

AISOAS
A1SOAl
BETA

BETAS(IROW, J)

BETA1(J)
BETA2(J)
BINC

BLADES(IROW)
BMATL(IROTOR)

CALP
ccC

CCHORD
CEPE

CGBL
CHD(J)

CHK(J)

CHOKE(IROW)

CHORD

CHORDA(IROW)
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Common

BLADES

BLADES
BLADES
SCALAR
VECTOR

Blank

Biank

BLADES
VECTOR
VECTOR
BLADES
BLADES

MARG
BLADES

BLADES
EQUIV

EQUIV

VECTOR

BLADES
VECTOR

Description
Fraction of chord location of blade-element maximura
camber point
Ratio of blade-element iniet to local choke areas
Ratio of blade-element iniet choke to actual areas
Blade-section se‘ting angle

Relative flow angle at blade-element channel =ntrance
shock

Blade-element-inlet relative flow angle
Blade-element -ou.let relative flow angle
Streamline incidence angle to blade centerline
Number of blades in a rotor or stator

Rotor blade material density

Cosine of blade-element layout-cone angle

Ratio of distance between edge-circle centers to overall
blade-element chord

Product cf CALP and CHORD

Cosine of angle that line between blade-element edge-
circle centers makes with chord line

Cosine of blade-element setting angle for chord

Blade-element chord as measured along a constant-angle
path tangent to end circles on pressure side. The chord
length is measured from the outer tangency points to
the end circles.

Ratio of the minimum blade-element-channel-area margin
to choke area

Desired minimum blade-element-channel-area choke
margin
CHD(J) for local element

Coefficient for linear term of a polynomial representation
of radial variation of blade-element chord projected to
a blade-section plane

H
i
4




Symbol

CHORDB(TROW)
CHORDC(IROW)

CINC

CKTC

CKTS

COSA(J)
COSA2(J)
COSKL

COSKU

COSL(J)

cp
CPCO(6)

CPH2
CPH3
CPH4
CPH5
CPH6

CPP3
CPP4
CPP5
CPP6

CP1

Ccv

Common

VECTOR
VECTOR
BLADES

BLADES

BLADES

Blank
EQUIV
RCUT

RCUT

Blank

SCALAR
YECTOR

SCALAR
SCALAR
SCALAR
SCALAR
SCALAR

SCALAR
SCALAR
SCALAR
SCALAR

SCALAR

SCALAR

Description

Coefficient for quadratic term of chord polynomial
Coefficient for cubic term of chord polynomial

Streamline incidence angle without influence of incidence
on deviation

Cosine of blade-element centerline angle at transition
point of segments

Cosine of blade-element surface angle at transition point
of segments

Cosine of blade-element streamline inlet slope angle
Cosine of blade-element streamline outlet slope angle

Cosine of blade-section edge-circle angle at joining point
with pressure (lower) surface

Cosine of blade-gsection edge-circle angle at joining point
with suction (upper) surface

Cosine of blade-edge angle in meridional plane with ref-
erence to radial direction

Specific heat at constant pressure

Polynomial coefficients for specific-heat funciion of tem-
perature

CPCO(2)/2. 0
CPCO(3)/3.0
CPCO(4)/4.9
CPCO(5)/5.0
CPCO(6)/6.0

CPCO(3)/2.0)

olynomial coefficients for an enthalpy
change as derived from integration of
specific-heat polynomial cp dt

h 4

Polynomial coefficient for an isentropic
CPCO(4)/3.0 pressure change as derived from in-
CPCO(5)/4. 0 tegration of specific-heat polynomial
CPCO(6)/5. 0 cp(dt/t)

Approximation to y/(y - 1) with use of only first term of
specific-heat pclynomial

Specific heat at constant volume
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Symbol

Cl

DCP
DEV(IROW, J)

DF

DHC
DHCI

DKAPPA

DKLE(IROW)

DL(J)

DLOSC

DPW

Common

BLADES

BLADES

MARG

MARG

SCALAR
VECTOR

SCALAR

SCALAR
SCALAR

BLADES

Blank

Blank

SCALAR

MARG

Description

Chordwise component distance of leading-edge center
circle to centerline transition point as a fraction of
blade-element chord

Chordwise component distance of centerline transition
point to trailing-edge center circle as a fraction of
blade-element chord

DAOAS value for some other location in blade-element
channel

Derivative of AOAS in blade-element channel throughflow
direction
Specific-heat difference, CP - CV

Blade-element deviation angle on streamline-of -
revolution surface

Diffusion factor, a blade-element aerodynamic loading
parameter

Compressor enthalpy rise

Compressor enthalpy rise required by an isentropic proc-
ess

Inlet- to outlet-blade-angle change on streamline-of-
revolution surface

Blade-element angle difference between suction surface
and centerline at leading edge

Meridional plane distance between end-circle centers of
adjacent blade elements

The part of the pressur~ loss correlated with diffusion
factor

Normalized-to-chord distance of a point on blade-element
pressure surface from pressure-surface transition
point

DPW value for some other location in blade-element
channel




Symbol

DRCE

DRCGI

DRCLEP
DRCM

DRCMST

DRCMT

DRCOI

DRCT

DRCTI

DRCTPI

DRCTSI

Com.non

BLADES

BLADES

MARG

MAEG

BLADES

BLADES

BLADES

BLALES

BLADES

MARG

MARG

Jeseription

Noruieed-to-chord sonic radin- . orcporsnt from g
vade-eclement end-cirele center to the tangency point

of the edao cirele vii @ arface cuon e

Normalized-to-chord conie radius CUNIPULLIL Do thy
leading-cdge end-circle center to the blade- =len.ent
strckine refercner point

DRCE . ‘eading- . .dec cireie ty the Prossere sl e

Moreratived-to-chord con:s radius component {or
maximun-thickress path from centerlive to surface;
also used as the sanie type of radius compunent {rom
ine leading edge to a n:id-channel point

Normalized-to-chord coric radius component from cen-
terline transition point to surface maximum -thickness
roint

Normalized-to-chord conic radius component from tran-
siliun peint to maximum-thickness point on the center-
line

Normalized-to-chord conic radius component from

leading-edge circle center to trailing-edge circle cen-
ter

Normalized-to-chord conic radius component of
transition-point thickness nath which is perpendicular
to the centerline and which goes from the centerline to
a surface

Normalized-to-chord conic radius component from
leading -edge circle center to transition point on the
centerline

Normalized-to-chord conic radius component from
leading-edge circle center to pressure-surface tran-
sition point

Normalizcd-to-chord conic radius component from

leading-edge circle center to suction-surface transition
poin*
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Symbol

DRCWT

DR1

DSA

DSME

DSMT

DSOI

DSOT

DSP
DSP1

DSP2

DSS
DSSE

DSS1

DSS2
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Common

MARG

BLADES

MARG

BLADES

BLADES

BLADES

BLADES

MARG
MARG

MARG

MARG
BLADES

MARG

MARG

Description

Normalized-to-chord conic radius component from
suction-surface transition point to a point on the pres-
sure surface of the blade element on the other side of
the flow channel

Reference streamtube thickness at leading edge of a blade
element

Average of two blade-surface path distances normalized
to chord

Normalized-to-chord centerline-path distance from the
end-circle center on which maximum thickness occurs
to the maximum-thickness point

Normalized-to-chord centerline-path distance from the
transition point to the maximum-thickness point

Normalized-to-chord centerline-path distance from the
leading-edge circle center to the trailing-edge circle
center

Normalized-to-chord centerline-path distance from the
transition point to the trailing-edge circle center

Normalized-to-chord pressure-surface path length

Normalized-to-chord pressure-surface path length of
first segment

Normalized-to-chord pressure-surface path length of
second segment

Normalized-to-chord suction-surface path length

Normalized-to-chord surface path distance from either
the maximum -thickness point or the transition point to
the surface end which is in the opposite direction of the
other point

Normalized-to-chord suction-surface path length of the
first segment

Normalized-to-chord suction-surface path length of the
second segment




Common

BLADES

BLADES

MARG

Description
Normalized-to-chord transition-point blade thickness path
from the centerline to a surface

Normalized-to-chord centerline-path distance from the

leading-edge circle center to the transition point

Normalized-to-chord distance of a point on the blade-
element suction surface from the suction-surface tran-
sition point

Chordwise increment between blade-section surface points

Conic angle between repeated blade elements of a blade
row

Second derivatives of a spline-fit blade-section surface
curve

Conic angular component from centerline transition point
to a surface maximum -thickness point

EM(K) value for the transition point on the first-segment
side

Conic angular component of a channel width path
Fraction of total suction-surface distance

Blade-element surface distance fractions at which points
are obtained for blade-section definition

Fraction of covered-channel through-flow distance at
which minimum choke margin occurs

F at the covered-channel entrance
F at the covered-channel exit

Gravitational acceleration conversion constant, 32. 1740
lbm-ft/lbf~sec2

Ratio of specific heats, CP/CV
Local value of GAMM(J), vy

Angle of a blade-element chord line with respect to a
conic ray

Product of G and the mechanical equivalent of heat,
25035. 24 ft2-1bm/sec®-Btu




Symbol

GJ2
GR1
GR2
GR3
GR4
GRS
H
HC

I
ICHOKE
ICL

ICONV
ICOUNT
IDEV(IROW)

IERROR

IGEO(IROW)

IGO
IIN
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Common

SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
MARG

SCALAR
MARG

BLADES

SCALAR
SCALAR
VECTOR

SCALAR

VECTOR

BLADES
SCALAR

Description

2. 0-GJ = 50070 47 t‘tz—lhn; s‘('l'2~1§h=

Combination of specific-heat tevw=, ¢« 10 ¢ - 1)
Combination of specific-heat terms, ¢ - 1,
Combination of specitic-heat terms, 1 ¢ - 1

Combination of specific-heat terms, ( + 1), 2
Combination of specific-heat terms, (; - 1). 2
General enthalpy change

Ratio of a local channel to inlet streamtube thickness
Calculating station index

Index for location in blade-element channel

Integer routing device used in blade-element centerline
iteration

Integer parameter for highest level program routing
Line counter for printout of input data

Integer designation of the deviation angle option:
1 for 2-D value of reference 2
2 for 3-D value of reference 2
3 for Carter's rule
4 for Carter's rule modified by equation (21)
5 tabular

Integer parameter which controls the exit when incom-
patible input data are discovered

Integer designation of the option for PHI(IROW, J):
1 for midpoint
2 for optimum (see CC of input parumeter list)
3 for tabulated

Integer routing parameter

Temporary storage location of an index




Synibol

IINC(IROW)

ILOSS(IROW)

IMAX(IROW)

INC(IROW)

I0UT

Con.mon

VECTOR

VECTOR

VECTOR

BLADES

SCALAR
SCALAR
SCALAR
SCALAR
VECTOR

Pleo~oription

Inteocr desionatioan ol the
oS 2 Dovalue 4oy
for 3-Tr valbae of ol e ne
for zero mcidence o boadire-odes - o sarfacs
for tabular with coqvertie ot

for tabular with suction -surides UVoteronce

Integer designation of luss datu set assoeed with a
blade row

Integer designation of option for blade-elernent maximum-
thickness-~point location:
1 for midpoint
2 for tabular with transition-point reference
3 for tabular with leading-edge reference

Blade-element incidence angle on strezmiline-of-
revolution surface (a real variable)

Counter of number of variables of an array - ‘truinated for
a particular calculation (not used in this seiup of pro-
gram)

Integer routing parameter used for blade-cicient center -
line calculation

Temporary storage location of an index
Read tape number of computer facilify
Rotor index

Blade-row index

Integer designation of calculating station tvne
1 for rotor inlet
2 for roter outlet
-1 for stator inlet
-2 for stator outlet
0 for annular

Counter of blade-section surfic nojate

Iteration counter




Symbnl

ITRANS(IROW)

[

JM
KIC(J)

KOC(J)

KOP

KOS

KP

KTC

KTP

KTS
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Common

VECTOR

SCALAR
SCALAR
SCALAR
EQUIV

MARG

BLADES

BLADES

EQUIV

MARG

MARG

MARG

MARG

BLADES

MARG

BLADES

Deseription

lntever desionation of the option for the blade-element
transition point:
1 for mdpoint
2 for covered-channel inlet point on suction surface
3 for tabular

Write tape number of computer facility

Streamiline index

Index for mean streaniline

Centerline blade inlet angle on layout cone (a real vari-
able)

Blade-element pressure-surface blade angle at inlet (a
real variable)

Blade-element suction-surface blade angle at inlet (a real
variable)

Centerline and surface blade angle at blade-element
maximum-thickness point (a real variable)

Centerline blade outlet angle on layout cone (a real vari-
able)

Blade-element pressure-surface blade angle at outlet (a
real variable)

Blade-element suction-surface blade angle at outlet (a
real variable)

Blade angle at some general pressure-surface point (a
rea) variable)

Blade angle at some general suction-surface point (a real
variable)

Blade-element centerline angle at segment transition
point (a real variable)

Pressure-surface blade angle at transiticn point (a real
variable)

Suction-surface blade angle at transition pc'nt (a real
variable)




Symbol

KwWC

MACH
NAL

NBROWS

NHUB

NOPT(IROW)

NP

NROTOR
NSTN

NSTRM
NTIP

NTUBES
NXCUT(IC)

OBAR(J)

OMEGA
P
PFLOS

PHI(IROW, Jj

PI
P12

Common

MARG

SCALAR
SCALAR

SCALAR

SCALAR

VECTOR

RCUT

SCALAR
SCALAR

SCALAR
SCALAR

SCALAR
VECTOR

Blank

SCALAR
BLADES
BLADES

VECTOR

SCALAR
MARG

Description
Angle of the path across a blade-clement channel with re-
spect to the tangential direcrtion (@ rear vartable)
Relative Mach number (g real variable)

Number of input blade rows and annular stations (not used

in this setup of the program)

Number of blade rows (not relevant in this setup of the

program)

Number of hub contour definition points (not used in this
setup of the program)

Index designation of the option whic¢h controls the program
output. In this program setup, the coordinate option is
essentially always in effect.

Number of blade-section points that are spline curve fit
Number of rotors (not used in this setup of the program)

Total number of calculating stations, I (not used in this
setup of the program)

Total number of streamlines, J

Number of tip contour definition points (not used in this
setup of the program)

Number of streamtubes (NSTRM - 1)

Number of blade sections desired in the terminal calcula-
tion

Relative pressure-loss coefficient for the losses corre-
lated with DF, (P:21 - P:.Z)/(P'1 - pl)

Rotational speed, rad/sec
Specific PHI(IROW, J) in current use

Relative pressure-loss coefficient for the losses corre-
lated with DF, (P, - !*;)/P'l

Ratio of inlet-segment turning rate to outlet-segment
turning rate (ratio of dx/ds) for a blade element

7 =3.1415927
One-half pi, #/2
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Symbol

PO, J)

POALl

PR

R(1, J)
RADIAN
RBHUB(IROW)
RBTIP(IROW)
RCA(J)

RCG

RCI

RCM

RCMS

RCO

RCP

RCS

RCT

RCTP

RCTS
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Common

VECTOR

SCALAR

SCALAR
VECTOR
SCALAR
VECTOR
VECTOR
EQUIV

BLADES

MARG

BLADES

BLADES

MARG

MARG

MARG

BLADES

MARG

MARG

Description
Total pressure at blade-edge stations (input and output in
psia, but converted to 1bf; ft2 for internal calculations)

Average inlet total pressure {(not used in this setup of the
program)

Pressure ratio (nct used in this setup of the program)

Cylindrical-coordinate radius at blade-edge stations, in.

Conversion factor from radians to degrees, 57.29578

Radius coordinate of hub stacking point, in.

Radius coordinate of tip stacking point, in.

Cylindrical-coordinate radius of a blade-eleraent stack-
ing point

Normalized-to-chord conic radius of a blade-element
stacking point

Normalized-to-chord conic radius of a blade-element
leading -edge circle center

Normalized-to-chord conic radius of the maximum-
thickness point on the centerline of a blade element

Normalized-to-chord conic radius of the maximum-
thickness point on the surface of a blade element

Normalized-to-chord conic radius of a blade-element
trailing-edge circle center

Normalized-to-chord conic radius of a point on the pres-
sure surface of a blade element

Normalized-to-chord conic radius of a point on the suc-
tion surface of a blade element

Normalized-to-chord conic radius of the transition point
on the centerline of a blade element

Normalized-to-chord conic radius of the transition point
on the pressure surface of a blade element

Normalized-to-chord conic radius of the transition point
on the suction surface of a blade element




| Symbol

RD1
| REC(, J)

RECGI
REE

RELEP

‘ RELM(J)
REMT

REOI

REP

RES
RET

RETI

Common

BLADES

EQUIV

BLADES

BLADES

MARG

Plank
MARG

MARG

MARG

MARG

BLADES

BLADES

Desceription

Inlet stution radius difference of the blade elements which

define the local channel convervence

Cylindrical-coordinate radius coordinate of the blade-
element end-circle centers

Circumferential direction coordinate from the inlet circle
center to the blade-element stacking point (RCG times
the conic angle difference)

Circumferential direction coordinate from an end-circle
center to the end-circle tangency point with a surface
(RCS times the conic angle difference)

Special REE value, the one to the pressure surface at the
leadirg edge

Blade-elemes inlet relative Mach number

Circumferential direction coordinate from the transition
point to the maximum -thickness point along the center-
line (RCM times the conic-angle difference)

Circumferential direction coordinate from the leading-
edge circle center to the trailing-edge circle center
(RCO times the conic-angle difference)

Circumferential direction coordinate from the leading-
edge circle center to a point on the pressure surface of
the following blade (RCP times the conic-angle differ-
ence)

Circumferential direction coordinate of a point on the suc-
tion surface referenced to the suction-surface transi-
tion point (RCS times the conic-angle difference)

Circumferential direction coordinate from the centerline
transition point to a surface transition point (RCTS
times the conic-angle difference)

Circamferential direction coordinate from the leading-
edge circle center to the centerline fransition point
(RCT times the conic-angle difference;




Symbol

RETP

RETS

REWT

RE1(J)
RE2(J)
RE3(J)
RE4(J)
RE5(J)
RF

RG
RMSJ

ROT
RPR1(J)

RPTE(, J)
KTR

RTRC
RTRD

PTRQ
RVTH(J)
R1
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Common

MARG

MARG

MARG

Blank
Blank
Blank
Blank
Blank
SCALAR
SCALAR
BLADES

SCALAR
Blank

EQUIV
MARG

BLADES
MARG

MARG
Biank
BLADES

Description

Circumferential direction coordinate from the leading-
edge circle center to the pressure-surface transition
point (RCTP times the conic-angle difference)

Circumferential direction coordinate from the leading-
edge circie center to the suction-surface transition
point (RCTS times the conic-angle difference)

Circumferential direction coordinate from the suction-
surface transition noint to a point on the pressure sur-
face of the next blade (RCP times the ccunic-angle dif-
ference)

Temporary storage location for an array
Temporary storage location for an array
Temporary storage location for ap array
Temporary storage location for an array
Temporary storage location for an array
Gas constant for the fluid, 1bf-ft/Ibm-°R
Procuct of G and RF, ft2/sec2-°R

Product of blade-element solidity with the mean radius
normalized to chord

Rotational speed, rpm

Relative total pressure ratio, (P'1 - pl)/ P' (not used in
th13 setup of the program)

r(d6/al) at a blade-eiement end-circle center

Ratio of a local relative total temperature to the blade-
element inlet relative total temperature

Constant for computing RTR, [(y - l)wzcz/ 144'ng{'1"1]

Constant used for estimation of the derivative of RTR with
bladn-element path distance,
RTRC X sin o X (Blade-element path distance)

Sguare root of RIR
rv, (not used in this setup of the program)

Particular value of R(I,J) at blade-element inlet




Symbol

RIC

R2

SALP
SECGBL
SEPE

SGAM

SGBL
SINA(J)

¢ SINA2(J)
SINKL

SINKU

SINL(J)

SJ
SKIC(J)
SKOC(J)
SKTC

SKTS

W

SLJD

SLOPE(L, J)
SLOS(J)

SOLID(IROW)

Common

BLADES
BLADES
BLADES
MARG

BLADES

BLADES

BLADES
Blank
EQUIV
RCUT

RCUT

Blank

BLADES
EQUIV
EQUIV
BLADES

BLADES

BLADES

VECTOR
Blank

VECTOR

Description

R1 normalized to chord

Particular value of R(I.J) at blade-element exit
Sine of blade-element layout-cone angle

Secant of blade-element setting angle for chord

Sine of angle that the line between the blade-element
edge-circle centers makes with the chord line

Sine of blade-element setting angle for the line between
the edge-circle centers

Sine of blade-element setting angle for the chord
Sine of blade-element streamline inlet slope ~.ngle
Sine of the blade-element streamline outlet slope zngle

Sine of blade-section edge-circle angle at the joining
point with the pressure (lower) surface

Sine of blade-section edge-circle angle at the joining
point with the suction (upper) surface

Sine of blade-edge angle in meridional plane with refer-
ence to the radial direction

Blade-element solidity (chord/tangential spacing)
Blade inlet angle on a streamline of revolution

Blade outlet angle on a streamline of revolution

Sine of blade-element centerline angle at the transition
point of the segments

Sine of blade-element surface angle at the transition point
of the segments

Difference of slope between the neighboring cones used to
define changes of streamtube thickness

Streamline slope at the blade-edge stations

Ratio of relative total pressures behind a shock to that
ahead of the shock

Tip solidity of a blade .ow




Syviubol
SONIC{J}
T

TALE(IROW)

TALP(J)
TAMAX(IROW)

TATE(IROW)

TBLE(IROW)

TBMAX (IROW)

TBTE(IROW)

TCA(T}

TCGI

TCLE(IROW)

TCMAX(IROW)

TCTE!IROW)

TDLE(L:tOW)
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C. nmon
Islank

BLADES

VECTOR

EQUIV
VECTOR

VECTOR

VECTOR

VECTOR

VECTOR

EQULY

MARG

VECTOR

VECTOR

VECTOR

VECTOR

Description

square of the local speed of sound (nnt used in this pro-
gram setup)

Specific TRANS(IROW,.J) in current use

Constant term in the polynomial representation of the
normalized-to-chord leading- »dge radius function of
fraction of passage height

Tangent of the blade-element layout-cone angle

Constant term in polynomial representaton of the
normalized-to-chord maximum-thickness function of
fraction of passage height

Constant term in polynomial representation of the
normalized-to-chord trailing-edge radius function of
fraction of passage height

Constant for linear term in the polynomial associated with
TALE(IROW)

Constant for linear term in the polynomial associated with
TAMAX(IROW)

Constant for linear term in the polynomial associated with
TATE(IROW)

Angular cylindrical coordinate displacement of a blade-
element stacking point from the reference hub element
(positive in direction of rotor rotation)

Angular cylindrical coordinate from a blade-element
leading-edge circle center to the stacking point

Constant for quadratic term in the polynomial associated
with TALE(IROW)

Constant for quadratic term in the polynomial associated
with TAMAX(IROW)

Constant for quadratic term in the polynomial associated
with TATE(IROW)

Constant for cubic term in the polynomial associated with
TALE(IROW)

&
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Symbol

TDMAX(IROW)

TDTE(IROW)

TEC(L, J)

TEPE

TGB(J)
TGBL
TGBLL
THD

THETAP(J, K)

THETAS(J, K)

THLE

THMAX
THTE

TILT(IROW)

TITLE(I)
TKTN

TL

Common

VECTOR

VECTOR

EQUIV

BLADES

EQUIV
MARG
BLADES
BLADES

Blank

Blank

BLADES

BLADES
BLADES

VECTOR

LABEL
BLADES

SCALAR

Description
Constant for cubic term in the polynomial associated with
TAMAX(IROW)

Constant for cubic term in the polynomial associated with
TATE(IROW)

Angular cylindrical coordinate of an end-circle center
referenced to the hub-element stacking point

Tangent of angle that the line between the blade-element
edge-circle centers makes with the chord line

Tangent of biade-element setting angle for the chord
Same as TGB(J) for the current blade element
Value of TGBL on the previous iteration

Normalized-to-chord radius difference of trailing-edge
circle from leading-edge circle

Angular cylindrical coordinate of point on the pressure
surface of a blade element referenced to the hub-
element stacking point

Angular cylindrical coordinate of point on the suction sur-
face of a blade element referenced to the hub-element
stacking point

Ratio of blade-element leading-edge circle radius to
chord

Ratio of blade-element maximum thickness to chord

Ratio of blade-element trailing-edge circle radius to
chord

Stacking-axis lean angle in the circumferential direction
(complete description given in input variable list)

Input alphanumeric title of the data set

Tangent of angle for the transition thickness path which
is normal to the local centerline

Lower temperature for a thermodynamic-change-of-state
calculation
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Symbol

TLS

TO(I, J)
TOAl

TRANS(IROW, J)

TREL1(J)
TSTAT(J)
TTRP(J)

TU

VM(J)

VTH(I, J)
VTSQJ)

VZ(1, J)

wC

wC1
XBAR(IROW, J)

YBAR(IROW, J)
YBP(K)

YBS(K)

Common

BLADES

VECTOR
SCALAR

VECTOR

Blank
Blank
EQUIV

SCALAR

Blank
VECTOR
Blank
VECTOR
MARG
BLADES
Blank

Description
Tangent of stacking-axis lean from radial direction in
meridional (r.z) plane
. 0
Total temperature at blade-ecdge stations, 'R

Average inlet total temperature (not used in this setup of
the program)

Chordwise coniponent of centerline transition-point loca-
tion normalized by the chord

Blade-element inlet relative total temperature, °R
Static temperature, °R

Angular cylindrical coordinate of transition point on pres-
sure surface of a blade element (hub stacking-point
reference)

Angular cylindrical coordinate of transition point on suc-
tion surface of a blade element (hub stacking-point
reference)

Upper temperature for a thermodynamic-change-of-state
calculation

Meridional component of velocity, ft/sec

Circumferential (9) component of velocity, ft/sec

VTH(I, J) squared at a station, ftz/ sec?

Axial (z) component of velocity, ft/sec
Ratio of a local blade-to-blade channel width to chord
Inlet streamline channel width in the blade-to-blade plane

Normalized-to-chord chordwise component of the distance
from the leading-edge circle center to the blade-
element stacking point

Corresponding perpendicular component to XBAR(IROW, J)

Pressure-surface blade-section coordinate normal to
chord, in.

Suction-surface blade-section coordinate normal to
chord, in.




Symbol

YB1

YB2

YCCLE({J)

YCCTE(J)

Z(1, J)
ZBHUB(IROW)
ZBP(K)

ZBS(K)

ZBTIP(IROW)
ZCCLE(J)

ZCCTE(J)

ZCDA(J)

ZEC(1, J)
ZM

ZMAX(IROW, J)

ZMT

2P(J, K)

28(J, K)

Commion

BLADES

BLADES

EQUIV

EQUIV

VECTOR
VECTOR
RCUT

RCUT

VECTOR
EQUIV

EQUIV

EQUIV

EQUIV

VECTOR

MARG

Blank

Blank

Description
Average of the two blade-element end-circle radii nor-
malized to chord

Constant for first approximation calculation of
YBAR(IROW, J})

Tangential-direction coordinate of blade-section leading-
edge circle center, in.

Tangential-direction coordinate of blade-section trailing-
edge circle center, in.

Axial location of blade-edge stations, in.

Axial location of hub stacking point, in.

Chordwise blade-section coordinate on pressure surface,
in.

Chordwise blade-section coordinate on suction surface,
in.

Axial location of tip stacking pecint, in.

Axial coordinate of blade-section leading-edge circle
center, in.

Axial coordinate of blade-section trailing-edge circle
center, in.

Axial displacement of blade-element stacking points from
hub-element stacking point

Axial location of blade-element end-circle centers

Chordwise component of centerline maximum -thickness-
point iocation normalized by the chord

General array of ZM, but referenced either to blade-
element leading edge or transition point

Location of maximum-thickness point with respect to
transition point normalized to chord

Axial coordinate of blade-element pressure-surface
points, in.

Axial coordinate of blade-element suction-surface points,
in.
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De=eription

Aa) Doeats o b i@de -secton transition peint on pres-
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Listing of Computer Program

C *%% THIS ROUTINE SERVES AS A CENTRAL CONTROL
REAL INC, XIC, KIP, KIS, KM, KOCs K0P, K(OSe KP, KS¢ KTCs KTP, KTS,
X KwC, MACH

CCwMON /VECTCR/
BETAS(1,21), BMATL(1), BLACES(l), CHOKE(1), CHORDA(1), CHORDB(1),
CHCRDC(1), CPCOt6), CEV(1,21), IDEV(1), IGEO(L), IINC(1),
ILCSSilY, ImMAX(l), INC(1,21), ESTN(2), ITRANS(1)s NOPT(1),
KXCUT(1), PHI(1,21), PO(2,21)y RE2,21), RBHUB(1), RBTIP(1]),
SLCPE(2421), SOLID(1)Y, TALE(Ll), TAMAX(l), TATE(L), TBLE(1l),
TavAX(1), IBTECL), TCLE(1), VCMAX(1l), VYCTE(1), TDLE(1l), TDOMAX(1l),
TCTE(Y)Y, TILT(I)}, TC(2,21), TRANS(1,21), VIH(2,21), VZ(2,21),
2(2,21), IiHUs(l), ZBTIP(l), ZMAX(1l,21)

CCMMCN /SCALAR/
PETA, CP, CPH2, CPH3, CPH4, CPHS, CPHE, cePp3, CPP4, CPPS, CPP6,
cPi, CV, 0CP, CF, DHC, CHCI, DLOSC, G, GAMMA, GJ, GJI2, GRls GR2,
CR1, KR4y GRS, H, I, ICCNV, ICOUNT, IERROR, IIN, IPR, IROTOR, IR,
IRUW, ITER, IWy Jo JM, MACH, NAB, NBROWS, NHUB,NROTOR,NSTN,NSTRM,
f\'Tlp, NTURCSy UMEGA' PI, Poﬂlg pR, RAD]AN’ RF' RG' ROY'TL'TOA;'TU

COMMTN
RETAL(21), BETA2(21), CCSA(21), COSL{21), DKLE(1,21)s DLI21),

2 CAMM(21Y}, OBAR(21), RELM(21), RPR1(21), REL(21), RE2(21),

3 RE2(2 Rr4(21), RES(21), RVIH(21), SINA(21), SINL(Z21), SLOS(21)

4,5°N10(2Y), THYTAP(21,13), THETAS(21,13), TREL1(Z2l), TSTAT(21),

5 yv(sl), VISCE21), XEAR(1,21), YBAR(1,21), 2P(21,13), 2S(21,13)
COMMOI /EQUIINY/

1 CHCU21)y CHK(21), CCSA2(21),y FSM(21), KIC(21)y KCC(21), RCA(21),

2 REC(2,21), RPTE(24,21), SINA2(21), SKICI21), SKOCT(21), TALP(21},

3 TCA(21), TEC(?2,21), TGB(21),TTRP(21),TTRS(21),YCCLE(25),YCCTE(25)

4,2CCLE(25), ICCTE(25), 2CDA(21), ZEC(2,421), LTRP(21), ZTRS(21)
CCMMON /BLAUES/

1 AMACH, ACC, AL30NAS, A1SCAl, BINC, CALP, CCCy CEPE, CGBL, CHORD,

2 CINC, CKTC, CKTS, Cly C2, DKAPPA, DRCE, DRCGI, DRCMST, DRCMT,

3 CRCCI, CRCT, DRCTI, CR1, DSME, DSMT, DSOl, DSOT, DSSE, DST. DSTI,

4 EMT, Fls Fiy GBL, ICL, IGO, {PASSy KISy KM, KTC, KTS, Py PFLOS,

5 RCG, RCM, RCMS, RCT, RDl, RECGi, REE, REMT, RET, RETI, RMSJ,s RTRC

6,R1, R1C, P2, SALP, SEPE, SGAM, SGBL, SJ, SKTC, SKTSy SLJD, T,

T TéiveE, TGBLL, THD, THLE, THMAX, THTE, TKTN, TLS, WCl, YBl, YB2, IM
CCMNCN /MARG/

1 AL, AOAS, ACAl, CCHCRC, DAL. DAOAS, DPW, DPWL, DRCLEP, DRCM,

7 CRCTPI, CRCTSI, DRCwWT, [SA, DSP, DSPl, DSP2, DSS, DSS1, DSS2, DSW

3,5R, twCl,y F, HC, [CHCKE, KIP, KOP, K0S, KP, KS, KTP, KWC, PI12, RCI

4yRCL, RC?, XCS, RCTP, RCTS, RELEP, REOI, REP, RES, RETP, RETS,

5 REwT, RTR, QTRD, RTRC, SECGBL, VTCGI, TGBL, WC, ZMT
DIMENSICN H[(21), BKTC(21), CF(21), FA(21), FT(21), PS1(21),

1 PS2(21), RBE(21), S5F(21), SMACH(21), TLOS(Z1), ZEL(2,21)
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C *re

DERIVATIVE CF A FUNCTICN FRU™ A PARABULIC FIT
NEOR{R,FIaF2,F3,R1,R2,R3) = ({F3- F2)%(R1 + RZ - 2,.0*R)/(K
X + (F2 - F1)*(R2 + R3 - 2,0¢R)/(R2 —~ R1)}/(R3 - R}

2 - R3)

C ®%% { CCAL VALUF GF A FUNCTICN FRCM A PARABOLIC FIT OF NEARBY POINTS

10

C s%%

690
C #»»
7CC

C #»s

701

702
7C3

PRESSIR,PL14P24P3,R14RZ4R2) = P2 # (R - R2)/(R] - RI)*((P]
X (R - R3)/(R]l - R2) - (P2 - P3)%(R - R1)/(RZ2 - R3})
IR
Iw
IRCW 1

ILCSS(IRCW) =1

IRCICOR = 1

CALL INPLT

ICCAY =0

ITER = O

NTUBES = NSTRM -1

J¥ = NTUBES/2 + 1}

P12 = PI/2.0

CALCULATE PARAMETERS THAT ARE NOT ITERATION DEPENDENT
RTA = R{I,1) + R(I-1,1}

RHTA = RTA - (R(ISNSTRM) + RiI-1,NSTRM})

CHD(1) = PI*RTA*SOLIC(IRCW)/BLADES(IROW)

0C 690 J=1sNSTRM

SINACJI) 3 SLOPE(I-1,J)/SQGRT{1.0 ¢ SLOPE(I-1,J)%%2)
COSA(J) = SART(1.0 ~ SINA(J)*e2)

SINA2(JS) SLOPE(L,J)/SQRT(1.0 + SLOPE(I,J)*%2)
CCSA2() SCRT (1.0 - SINAZ2(J)*%2)

RPTE(I-1,J) = C.O

RPTE(LI,JY = 0.0

THE MAIN CPERATING LCGCP

ITER = [TER + 1

I (ICONV.NE.2) GO TC TQE

CCMPUTE STATIC PRESSURES ON STREAM! INES AT THE BLADE EDGES
WRITE (IW,2540)

bc 70t 31 = 1,3

HR = ((VZ2(I-1,J1)/COSA(JIIII**2 + VTAH(I-1,J1)%%2)/GJI2
FU o= TOLI=-1431)

TL = TEMP(HR)

TSTAT{JSI) = TL

FSLJI) = PCLI-1,31)/144.0/PRATIC(TU)

HR = ((VZ{I1,31)/CCSA2(JI))*%2 + VIH{I,JI)**2)/GJ2

TU = TO(L,J1)

TL - TEMP(HR)

PS2(Jl) = PULL,JT)/144,0/PRATIOITY)

dJ = 2

IFIN = O

0OC 705 J=1,NSTRM

RBF(J) = (RIT-1,4) + R(1,J))/2.0

IF (JJ.EQ.NTUBES) GO TG 704

IF (RBF{J)GEL(R(I=-1,JJ) + RII-1,4J+41))/2.0) GO YO 704

non

5
6

Jd = JJ + 1
HR = ((VZUI-1,JJ+1)/CCSA(JI+11)%*%2 + VTH(I-1,4J+1)%%2)/GJ2
Tu = TC{I-1,34+1)

TL = TEMP(HR)
TSTAT(JI41) = TL
PSL(JI+1) = FCG(E-1,JJ+1)/1%4.,0/PRATIOITU)

HR = ((VZ(I,J4+L)/COSA2(J3+1))%%2 + VTH(I,J0+1)%%2)/GJ2
TU = TOollyJJ+l)
TL = TEMP(ER)

PS2(JJ+1) = PCLI,JJ+1)/144.0/PRATIOD(TUY)
If (IFINLGEC,L1) GO TO 705
GC TC 102

- p2)




1C4 FA(J) = DRELSIRBF(I) 4FSILII-11,PSLIJI) PSI(II+L)eRET-1,T3-1),
X QUI=143d),(1l=1,JJ¢1))
[F [JJNEJNSTRM ORI VG ANTUBFS) GU TO 705
IFIN = 1
GC 1C 703
705 WRITE (IW,25350) RUI=1,J0, 2001-1400y VIUI-1,0), VIH(I=1,J)y RE1.J),
X L1y dd, VZ2UL,0),y VIHGL,J)
WRITE (IW,?9560)
Jd =2
ORATIN = PI#(PSILL)/TSTATCLI*VI(I-1,1)0%R(I-1,1) + PSL(2}/TSTAT(2)*
X VZ(I=-1,2)18R(¢i-1,2))/RF*(R{I-1,1) - RUI-1,2)Y3i/(RBF(1) - RBF(2)}))
708 DC 500 J=1,NSiRM
IF (ICCNV,.GEL2) GC TC 295
IF (ITER.EG,1) GC TO 720
s#% CCRRECT THE VELCCITY CIACRAMS YC THE EDGES OF THE BLADE
IF (J.EC.1) GO T 710
Ju J -1
J -1
J
J + 1
JoNENSTRM) GC TC T72°
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(55
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T1C Ju

T72¢ JL
73C ©C v 2
IF (1.6T.1) CC TC 74°

[N Sy S S
—— Y

+
+
+
I=

~ W onoan

~

TAANKE = TAN(KIC(J))
cCsAate = CCSACY)
GC TC 750

T40 TANKE = TAN(KQOC(J))
CCSaE = CCSA2(3)

T5C ORI = (2(1,4) - ZE (I,J))*SLCPE(L,J)
VIH(I,J) = VTH(1,3)%(1.,0 - DRI/R{I,J))
DADR = (SLCPE(1,JUY ~ SLCPE(I,0L))/(1,0 + SLOPE(1,JUI*SLOPE(I,JL))
1 ZUR(I,JU) = RUI,JL) + (ZUI,3U) ~ Z(I1,J))%*SLOPE(T,JU) = (Z(I,dL) -
2 Z(L1,3))#SLUPECT,JL))
ARATIO = (1.0 + DRIZJR(I,31)%(1,0 - DADR*(Z(I,3) - ZEL(I,J)))

HR = ((VZI(I,J)/CCSAE)**2 + VIH(1,J)%%2)/GJ2
Tu = TOll,J)
TL = TEMP(HR)

REC = PCUIL,JI/(TL*RF*PRATIO(TUY)
RVZIC = RHC*VZ(I,J)/ARATIC
VZ(L1,d) = VZI(1431%(1.2 ¢ (1.C/ARATIO = 1.0V/(1.0 = (VIt1,J)/
X CCSAE)*32/(GAMM{J)*RC*TL)))
760 HR = ((VZ(1,J)/COSAE)**2 + VIH(1,J)%%2)/GJ2
TL = TEMP(ER)
RVZ = VZUI,J)*POCL,J)/(TLXRF*PRATIO(TUY)
IF (ABS(RVZ/RVIC - 1,0)1.LT,0.0001) GO TO 765
VZ(14Jd) = VZ{I44)%(1." ¢ (1leC = RVZ/RVZIC)I/(1e0 = (VZ(1+3)/COSAE)**
X 2/ {GANMM{J)*RG*TL)))
GC TC T7en
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107
1173
1Nn9
110
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113
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140
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i63
1446
145
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C *3* SET THE EDGC ULERIVATIVE, Pe#PART{AL OF THETA WITH RESRE(CT TO R 166

765 TANLD = CFOR(REC(T 4 J)7ECtTI, 1) 22ECIT1,32),2ECHTI4U3),REC(1,J1), 167
X REC(T,J2)4,RECIT4I3Y) 168
SINLD = TANLD/SQRI{1.2 + TaANILD*%2) 169
TANLA = (TANLL + TALP(J) /(1.0 - TANLD®TALI"C(J)) 170
CCSLA = 1,0 /SGRT(1.0 + TANLA*%2) 171

, CALP = 1.C/SGRT(L.O + TALP(J}%32) 172
RPTE(LI,JY = DFDRIREC(TI ¢ g TEC(I 21V, TECIIZJIZ) Sy TEC(ILI3),RECUILJL)y 173

X REC(I,J2)yREC(LI,03)) 174
T70 RPTE(I,J) = (REC(I,Ji*RPTE(I,J)*CALP - TANKE*SINLD}I/COSLA 175
1 =2 176

780 ZEL(I-1,3) = 2(1-1,J) 177
ZEL(T43) = Z(1,49) 178

C %%% VELOCITY DIAGRAM PARAFMETERS FOR THE RBLADE ELEMENTY DESIGN 179
VP(4) = VZ(I-1l4J)/7C0SALI) 180

W1l = SQRT(VM(J)*®2 + VTH(I-1,J)*%x2) 181

HR = W1l*%2/GJ2 182

TU = TO(1-1,J) 183

TL = TEMP{HR) 194

CP = CPFLTL) 185
GAMM(J) = CP/ICP - DCP) 186
SCNIC(J) = RG*GAMM{J)*TL 187

VMC = VIt1,J4)/7C0SA2(3) 188

1F (ISTN(I).GT.0) GO TO 790 189
TRELYI(J) = TCUI-1,4) 190
WTHL = VTH(I-1,J) 191
WTH2 = VTH(1,J) 152
TLCS(J) = 1.0 - PC(I,J)/PO(I-1,41) 193

GC 10 8090 194

790 U = COMEGA*R(I-1,J,712.C 195
HR = U(2,08%VTH(i=-14J) - U}/GJ2 196

TU = TO(1-1,J) 197
TRELI(J) = TEMP(HR) 198
WTHL = U - VTH{I-1,3) 199

Wl = SQRT(VM(J)}%%2 + WTH *#%2) 200
WTH2 = RUI,J)®CMECA/L12.0 - VTH(],J) 201

GR2 = GAMM(JI/(GAMM{S) - 1.0 ) 202
TLOS(J) = (1.0 = POUI,J)/PCUI-2e3)/(TO(I,J)/TO(I-1,0))%8GR2)%(1,0 203

1 ¢+ (CMEGA*R{1,J))1#82/ (282, 0%GR2*RG*TRELL1(J))I*(1.0 - (R(I-1,J)/ 204

2 RULyJII*#2) )%%GR2 205
8CN W2 = SQRT(VMC#**Z + WTH2%%2) 206
BETAL(J) = ATAN(WTHL/VM(J)) 207
BETA2(J) = ATAN(WTH2/VM(O) z08
RELM(J) = WL1/SQRTUSONICLI)) 209

RJA = R(1,4) + R{I-1,4) 210

DR = (R{I,4J) - Rii=1p57)%%2 211

CR = SORT(1.9 = (1,0 + (VM(J)*YMO ~ WTHLI*WTH2)/(W1%*W2) )*DR/(2.0%* 212

X (OR 4 (2(1,4J) = Z(1=1,0))%%2})) 213
RRA = (RTA ~ RJA)/RHTA 214

1F (JJNE.1) GO TO 810 215

CRY = (CR 216

GC TC 820 217

810 CR = CRT*(1.0 + RRA®(CFORDA(IROW) + RRA®(CHORDB(IROW) + RRA® 218
X CHCRDC(IRCW)))DI/CR 219
CHC(J) = CHD(L)®*CR 220

820 IF (ITFR,NE,1) GO TQ R25 221
BETAS{IROW,J) = Q.R*BETALI(J) ¢ 0.2*BETA2(J) 222

IF (ITRANS(IRUW)NE.2) GC TO B82S 223
TRANS(IRCWeJ) = SIN(BRETAL(JI)I*RYA/(RTA*SOLID(IROW)I*(1,0 + RRA® 224

X (CHCRDA(IROW) + RRA%{(CHCRDR(IROW) + RRA*CHORDC(IROWI)))) 225

IF (TRANSUIRCW,J)eGToZo9) TRANS(IROW,J) = 0.9 226
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C #%% J4. TV LATE ThY Shi (X LES . PARAMETER

825 Gvip - GAMM{Zg) + 1.2
GEY 2 GaNMEY) - 1.0

G4l = SQRTIGPL/GML)
GR? = GAMM({J)/(CMY
GR3 = 1,0/GMm1

GR4 = P1/2.0

GrS = GM1/2.0

SSBLTA= BETAL(J) - BETAS!{IROW,J)
#%% TEST FOR SUPERSCNIC VELOCITY
IF (RELM{J).LT.1.0) GC TO 830

SNM = SCRT(RELM{J)**: ~ (.0)
PMEYER = GRIPATAN(SMM/GR1) - ATAN(SMM)
> 10 8.¢

83C PMEYER = 0,0
840 PMEYER = PMEYER + SSBETA
IF (PMFYER.LE.O0.C) GC TO 860
#%* [TERATE FCR THE SUCTICN SURFACE MACH NUMBER
TEMPM = 1.0 + 3,0*PMEYER
85C S¥ = SQRT(TEMPM=*2 - 1,01}
SMG = SM/GRI1
vV = GRI*ATAN(SMG) - ATAN(SM)
DIFF = PMEYER — VV
TEMPM = TEMPM & DIFFOSM/(TEMPM/ (1.0 ¢+ SMGH¢2) - 1.0/TEMPM)
I{ (ABS{DIFFI.LE.0.,001) GO TO 870
SC TL 3%0
el TEdPM = 1,0
270 AMACYH = (RELMIJY & TENPM)/2.C
it (AMACH.GT,.1.C) GO TC 280
<iLCStd) = 1.0
GC YO 890
88C A“SC = AMACH»*?

SLOS(S) = ((GR4®AMSQ/(1.0 + CRS*AMSQ) )#%GR2) ¥ (GR4/ (GAMM( J) *AMSQ -

X LPH))*EGRI
SLLS{J) = 1.0 — (1.0 - SLOStJI))/AMSQ
8BS0 CRAR(J) = (TLCS(J) = 1.0 + SLOS(JII/(1.0 = (1.0 + GM1/2.0¢RELM(J)
K *¥32)%%(-GR2))
855 CALL BLADE
IF (iERRORLEC.1.AND. ICCAV.LT.2) GO TO 10
L ALL SBETA
I+ (iCChVeLT.2) GO TC SCC
IF (IGNNEL2Y CALY MARGIN
sa% COMPUTE THE BLADE FNRCES
896 1F (JJLEQ.ANTUBES) GO0 TC €97
iE (R?S(J).GE.(R([;JJ) + R(1,3J+1))/2,0) GO 70 897
“«. ¥ + 1
CC T 896
BG7 FA(J) = 2.C*«P *RBF(J'*(PRESSIRBF(JI)4PS2(JIJI=1),PS2(JII)4PS2(JJ*1),
X R{T,Jd=1),3R€14JI)yRUL,JI+2)) ~FA(JI))I/BLADES(IROW)
It (JoNEJNSTRM) GC TC 898
RATIC = CRATIC
GC TC 899
8S8 RATIC = PI*(PSLIJ)/TSTAT(IISVZ(I=-1oJ)*R(I=1,J) + PS1tJel)/
X TSTAT(J#1)8VZU1-1,J+41)1%2R(I-1,J¢1))/RF*(R(I=1,J) - RUI=1,4Jd¢1))/
2 (REF(J)Y - rF(Jel))

869 FT(J) = (RATIC ¢ CRATIC)/(2.0%C«BLADES(IROW))
FA(LJY = FA(JD) + FT(IIS(VIIT,5) = VI(I=1,0))
FT(J)Y = FTOUI({VTHII-1,3) = VTH(I,4))

CRATIO = RATIC
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C #92

9Co

92¢C

93¢

25490

255¢C
25¢C

257¢
258¢C

2590

SET UP CALCULATI( 3L ALF FLEMENT PARAMETERS FOR PRINTCOUTY
THMAX = 2,7%2ThMaX

§SCAMR = (KIS - KTS)*RADIAN
GBL = GRL*RACIAN
INCUIROW,J) = BINC
BI(J) = BINCERADIAN
DEV(IRCW,J) = BeTA2(J) - SKOC(J)

BKTC(J) = KTC “ACIAN
SF(J) = F1
CFlJ) = F2 - F1
WRITE (IW,2570) THLE, (HMAX, THTE, IM, T, P, SSCAMB, GBL, SJ,

X CHC(J)s ACCye RBF(J), FALJ), FT(J)

CALL POINTS
CALL STACK
IF (ICONV.EQ.2) GO TG 92¢
IF (ITER.EC.8) ICCNV = 2
6C 10 TCO
MRITE(IW, 2580)

DC S30 J=1,NSTRM

Bl = BETAL(JISRADIAN

B2 = BETA2(J)*RACIAN
SSI = BI(J) - DKLE(IRCwW,J)*RADIAN
KIC(J) = KICCJISRADI AN
DV = DEVI(IROW,J)*RADIAN
KOC(J) = KCC(JI*RADIAN
SKIC(J) 5 SKIC(J)SRADIAN
SKCC(J) s SKOC(J)I*RADIAN
WRITE (IW,2590) BI(J), SSI, Bl, SKIC(J)y KIC(J), DV, B2

X, SKCCiJ), KOC{J)y BKTC(J)y SF(I)y CF(I)y CHK(J), FSM(J)

CALL COCRC

GC 10 10

FCRMAT (LK1 /7// 40X,52H*%% TERMINAL CALCULATIONS WITH THE STACKED
BLADE *sx /// 43X ,45H%* INPUT DATA CORRECTED TO THE BLADE EDGES
*% // OX423(LH=),TH INLET ,22(1H-)y 9X,22¢(1H-),8H OUTLET ,22(1H-)
77 TXe2(2X,10HSTREAMLINE, TX,S5HAXTAL 49X, SHAXIAL»SX,1OHTANGENTIAL ,
8X) /TXe204X, 6HRACIUS,y 7Yy BHLOCATIONy6X 9 BHVELOCITY y6X,BHVELOCITY,
9X) /7 TX92(3X,8HUINCHES )9y 6XB8H(INCHES) 36X o8H(FT/SEC) 46X,
BHIFT/SECY,9Xx}) // )

FCRNMAT (3X,2FLl4e491X92F1l4a39SKy2F1lb.4y1X,2F14.3)

FCRMAT (1ML /// 2XyBHLGE RODey2Xs THMAX  TH, 91X BHT . E.RAD.s2X,
THMAX s TH . 91Xy BHTRAN(PT ¢ o1 Xy THSEGMENT 4 2Xy 8HLST SEGaey 1X, THBLDLSET,
2%, THELEMENT, 3X, SHAERC, ,2X 4 10HLOC .OF MAX,6X,18HLOCAL BLADE FORCES
/ 3%X,6F/CHORD$2(3Xe6F/CHORD Yy 3Xy THPTLOC. 91Xy 8BHLOCATION,2X,
GHIN/OUT 42X 3 BHS SoCAM . 42Xy SHANGLE » 3Xy8ASOLIDITY 22X, SHCHORD 93X,
BHCAMB AP T4y 3Xy6HRADIUS,y 2Xy IHFORSAXTALy 3Xy SHTANG. /7 2T7X42(3X,
6H/CHORD ) 92Xy SHTURN L RATE4 1 X ¢ SHIDEG) » 4Xy SHIDEG) 413Xy SHIINe ) 44X,
6H/CHORD 34X ¢ SHUING) » 3X, SHILBS/IN) 42X 8H(LBS/IN) // )

FCRNMAT (2XyFTe495F9.44FB8.2,F%.2,F10.442F9,.49F10.,3,2F10.4)

FCR"AT (/// 4X,4HINC.9lX'EHS.S.INC.'1X97HIN.FL0U92Xv
BHINSBLADE, 2X s 8HINJANGLEy 3X,4HDEV .y 1X, BHOUT . FLOW, 2X, 9HOUT. BLADE ,
2X 3 BHOUT ¢ ANGo 92Xy BHTRAN PT ¢ 92Xy THSHLOC. y 2X,
GHCCV.CHAN. y2X 9y BHMIN CHK o 92Xy BHMIN,CHK, /7 3X9SHANGLE ¢ 3X9SHANGLE »
3%, SHANGLE y 4 Xy SHANGLE 94 Xy THCN CONE 93Xy SHANGLE ¢ 3X 9 SHANGLE 35X »
SHANGLE,4X, THON CONE,2X,8HBL.ANGLE,2X,8HAS FRACT,
2X o AHAS FRACT ,4X,4HAREA 33X, SHPTLOCL.IN /7 3X,5H(DEG) ¢3X,5H(DEG)
3K, 5HIDEG) y4XySHIDEG) 95Xy SHIDEG) 9 4X 9y SH(DEGY 43Xy SH(DEG) y 5X, SH{DEG)

ByS5XsSHIDFG) y5XySH(DEG) ¢4 Xy THCF SeSe 93Xy THOF SeSa 93Xy

9 6KNARGIN,3X,9HCOVL.CHAN, /7 )

FORMAT (2XoF6e292FB8s2,F9.2,F10.2¢4F9.2,F8.2,3F10.2,4F10.4 )
ENC

PN D WN -

~NOWVM S WN

P

~NOo WS

286
2R7

288
289
290
291

292
293
294
295
296
297
298
299
300
301
302
303
304
39S
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
27
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
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SLBACHTING (et
22 REAL AND PROTLSS The INer T pATA

Re AL [N, ATk, MoLE

TEMNP IR TERY
1 B-TAS(1,21), *MATLEL), S0 A0 - ody UHOR T1)y wnIRo ALY, UHGADB(L),
2 CHE200 LYYy LPUOEAY,y L5yl 210y TUbvEly, f5r ity TINGUL),

T ILCSSOLY, IMAX(U), INTCL, 20}y iSTHE2 )y TTRANS(LY, NOPTLL1),

4 NXLUTEY), Pel(1,21), 2UE2,21)y 242,200y A3HUn{L), RATIP(L1),

S OSLEPE(2, Y1), SCLICCL), TALF(L), TAMAXxX(il), TAT=(1), Totell),
6 TRMAX (1Y, TETE(L), TOLY (LY, ToMAXtLY, ToiF{L), Tot {1}, TUMAX(L),
T TOTECL)y VILTUYL),y TO(ZyclY,y THANSILI,21)y VIF(2,20), VZI2441 )y
8 2(2,21), 74KUd(1), 7°T71P(1), ZMAX(1l,c 1)

CCMMON /SLALAR/
1 BeETA, C2, (PH2, CPH3, CPH4, CPH5, CPH6, (PP3, (PP4, CPP5, (PPoy
2 CPly CV, CCP, CF, DFL, [HCI, DLDSC, Gy SAMMA, (J, GJ2s GR1l, GRZ2,
3 GR3, BRG4, L5R5, H, I, ICCNY, ICUUNT, [EtKRUR, 1IN, [IP%, [ROTOR, IR,
4 IRCW, ITER, Iwye Js J¥, MACH, NAR, NBROWS, NHUB,NRCTOR,NSTN,NSTRM,
S NTIP, NTUPCS, C¥EGA, P, PCAL, PR, RAUDIAN, RF, RG, ROT,TL,TNAL,TU

DIMENSICN wWCRC(29)

CC¥MCN /LAPEL/ TITLEL(]L®R)

UCATA WC2D / 4hVEL.y 4FCESI, 4HCULOR, 4HPUNC, 4HALL , 4H2-D 4, 4H3-D
X, 4FTABL, 4HSUCT, &4HCART, 4HMODI, 4HCIRC, 4HQOPTI, 4HSHOC, 4HAPPR,
X 4WE SS, 4HE LF, 4H B , 4+ ™ , 4H P 7

17 REAL (I2,1237) (TITLE(I),I=1,18)

WRITE (IW,2333) (TITLECI),I=1,13)

% REAC THF SPECIFIC HEAT CCEFFICIENTS

REAC (IR,1727%) (CPCO(ILY,I=1,¢)

WRITE (IW,2_62) (CPCCUI),[=1,46)

REAL (IR,1717) NSTRM, MOLE, 20T, ZRTIP(IROW),s RBTIP(IROW),

X ZBFUB(IRCW)y RBHUR(IPCw)y NYCUT(IROW)

I =2

Pl = 3,141593?7

RACIAN =57,29578

G = 32.174°

GJ = 25%35.24%

GJ2 = &2°717 .41

CMZGA = RCT*6.,2231R54/60,9

RF = 154% ,44/NMCLE

RG = QF=r

DCP = RF/T73,12

CPH2 = P {)/2eu
CPHZ = (PCL(3)/3.2

CPH4 = CPCL(4)/4.C

CPHZ = CPLC(=)/%.C

CPHE = CPLCC(A)/bLD

CPPY = CPCI(3)/2.0

CPP4 = CFCC(4)/3,0

CPPS = CPCL(R)/440

CPPE = CPLCU(A)/S5aT

CPl = CPCCLYII/CCP?

CP = 0,24

REAC (fR,1 37) BLADFS(TRI W)y SOLID(IROW), TILT(IROW),

X BMATL(IRCTCR)y CHOKE(IRCHW)

IF (ROT,GT, u) GC T 2O

ISTN(ID) = -2

GC TC 33

20 ISTA(L) = 2
3C REAC (IR,173°) TALc(IROW), TPRLE(IROW)y TCLELIROW)y TDLECIROW),
X TATF(IRNW), THTF(IRCwW)y TCTE(IRNW), TOTE(IROW)

REAL (IR,1737) TAMAX([RCw),

TBMAX({IROW),

TCMAX (IROW),

O NN W




X TOMAX(IACwW, , CHORCAL(IR W), CHORDBOIROW), CHORuCI2CwW)
READ (IR,1C40) P, NPL, B8A, A8, HB, CCy DDy Frs EtbH
WRITE (IW,2010) NSTRM, MULF, 0T, ZRTIPLIROW), RATIP{IRIW),

1 ZFFUBCIRCW), REHUR([RCW), SLADES(IROW), SULIUCIROW), TILT(IR0W)
WRITE {(Iw,?202u) TALE(IRGwW), TATELIROW), TAMAX{IROW), TBL-(IR W),

1 TBYE({IXOW), TBMAX(IRCW), CHORCA(IROW), TCLE(IROW), TCTE(LIRIW),

2 TCMAX{IRCW), CHOREB({IRCW), TDLr(IRUWI, TOTE(IKGW)Y, TOMAX(IROW),

3 CHLROC(IRCHW)

C #%% SET CPTICN wHICH CCNTRCLS THFE AMOUNT OF INFORMATION OuSIREL

(@]

4C

5¢

6C

1¢C

8¢

S0

1cC

11C
12¢C

130

14C

15C
16C

9
41C

43C

434

IF (OP.NELWCRE(S5)) G 10 43
NCPY(IRCW) = 6

GC T7C 690

IF (CP.NE.WORCI(4)) GC TO 50
NCPT(IROW) = 5

GC 710 120

IF (CP.NE.WORD(3)) GC TC 90
NCPT(IROW) = 4

IF (CPO.NE.WCRO(18)) GC TO 7C
NCPT(IRCW) = NOPT(IRCW) + 30

GC TC 129

IF (NPOJNE.WCRD(23)) CC TO 8C
NCGPT({IROW) = NOPT(IRCW) + 20

GC TC 127

IF (CPO.NE.WCRD(19)) CGC TO 120
NCPT(IRCW) = NOPT(IRCW) + 10

6C C 129

IF (CP.NE.WORLI(2)) GC TG 100
NCPT(IRCW) = 3

GC TC 129

IF (CP.NZ.WCRC(1)) GC TC 11¢C
NOPT(IRCW) = 2

GC 17 120

NCPT(IROW) = 1

IF (ABS(TILT(IROW)).LT.1.0,C) TILT(IROW) = TILT(IROW)/RADIAN
IF (ISTN(I).LT.O) GO 1C 140

WRITE (IwW,2355)

IF (CHOKE(IRCw).LELO.C) €O TC 130
WRITE (IW,236U) CHOKE(.RCW), BMATL(IROTOR)
GC TC 140

WRITE (IW,237C) BMATL(IRCTOR)

GC 10 167

IF (CHOKE(IROW).LE.O.T) CO TC 159
WRITE (IW,2360) CHOKE(IRGW)

GC 10 169

WRITE (IW,237C)

IF (NOPT(IRGW).LT.3) CC TO 620
ITABLE = O

SEY BLADE ELEMENT DESIGN CONTROL OPTIONS AND READ NECESSARY INPUT

IF (AALEQ.WURD(T4) GC TO 420
IF (AALEQ.WCRLI9)) GC TO 430
IF {AALEQ.WORD(BY) GO TC 44C
T1INCUIRCW) = 1

WRITE (IwW,2375!

GC 10 434

TINC(IROW) = 2

WRITE (IwW,2380)

GC TC 434

ILINC(IRCW) = 3

WRITE (IW,2390)

DC 436 J=1,NSTRM

137
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44C

445

450

4éJ

47C

48C

484
486

5CC

5C5

510

S14
516

520

530

535

540

545

137

INC L I2im, 1) 0 =C .0

(TR RN

RIAC IR, I3 LINLUEROW ) g =14 NSTRM)
[rapLes - 1

(F (AR . =L .wikU(L6)Y)Y GO TC 445
FINCUIS W)Y = &

WMRITE (IW,2392)

GC TC 459

TInNC(IRUWY = 5

ARITE (1W,23G4)

IF (3R.EC.WCRU(TY) GG TC 460
[F {BB.EC.WORD(LID))Y GC TC 47C
IF {BB.EQemURL(L1Y)) CC TL 48C
IF (BB.EQ.WCRLC(8)) GC TC 4S50
ICEV(IRCW) = 1

WAITE (IW,2400)

GC 1O 484

ICEV(IRCHW) = 2

WRITE (IW,2410)

GC TC 484

[CEV(IRCW) = 3

WIITTE (IW4,2420)

GC 10 484

{OEVLIRCHW) = &

WAITE (INW,2430)

DC 4«86 J=1,NSTRM

DEV(IROW,J) = -0.0

6C 10 500

ICEVIIROW) = 5

WRITE (IW,2435)

REAC 'IR,1030) (DEVIIRCW,J)9J=14NSTRM)

iTABLE = 1

IF (CC.EQ.WCRD(13)) GC TC 51¢C
IF (CC.EQ.WCRE(8)) GC TO 520
ICEC(IRCW) = 1

CC 505 Js14NSTRM

PEICIROW, ) = 1.0

WRITE (IW,2440)

5C TC 530

IGEC(IROW) = 2

WRITE (IW,2450)

DC 516 J=1.NSTRM

PHI(IROWsJ) = -0.0

GC TC 539

IGEC(IROW) = 3

REAC (IRy1030) (PHI(IROW,J)9J=1,NSTRM)

ITABLE = 1
WRITE (IW,24%55)

IF (DDJEQ.WORDI(14).ANC.IGEC({IROW).NE.1) GO TO 540

IF (DD.EQ.WCRLC(&)) GC TO 550
ITRANS(IRCHW) = 1

DC 535 J=1,NSTRM
TRANS(IRCW,J) = 0.5
WRITE (IW,2458)

GC TC 560
ITRANS(ITCW) = 2
WRITE (IW,2460)

CC €45 J=1,NSTKM
TRAAS(TRCW,J) = -0,0
GC TC 569

121
122

169
170
171
172
173
174
175
176
177

179
180




)

55¢C

552

554

56C

565

570

576

578

58C

582
584

%90
e
62C
63C

640

[TRANS(IRCW) = 3

READ (IRL1730) (TRANSCIRCW,J)sJ=14NSTRM)
ITAELE = 1

WRITE (IW,2462)

DC 552 J=1,NSTRM

IF (TRANS(IRCW,J) LT oC.C.OR.TRANS(IROWN,J).GTL41.0) GO TO 554
CCNTINUE

GC TG 560

WRITE (IW,2465) IRCW, J

IERRCR =1

RETURN

IF (EE.EQ.WCRC(8)) GC TC 570

IMAX({IRCW) = 1

DC 565 J=14NSTRM

ZMAX(IROW,J) = Q.0

WRITE (IW,2470)

GC TC S80

REAC (IR,1030) (ZMAX{IROWsJ)J=1,NSTRM)
ITABLE = 1

IF (EB.EQ.WORCIL1TY)Y GC TC 572

IMAX(IRCW) = 2

WRITE (1IW,2472)

GC 1O ST4

I¥axtiRCw) = 3

WRITE (IW,2474)

IF (ITRANS{iRUW)EQa2.ANC.IMAX({IROW]).EQ.2) GO TC 580
OC 576 J=s1,NSTRM

27 = IMAX{IROW,J)

17 (IMAX(IROW)EQe2) 2T = 2T + TRANS(IRONW,J)
IF (ZTelTe0elos0RLZT.CTL0.2Y GO TO 578
CCNTINUE

GC TC 580

WRITE (IW,2475) IROW, J

IERROR = 1

RETLRN

IF (ITABLE.ECL.0) GO TC 620

WRITE (IW,2480)

IF (IINCUIRCW)LEQeS) WRITE(IWs2482)

IF (IMaxX(IROW).EQ.3) CC TO =82

WRITE ([W,2484)

GC TC S84

WeITE (IW,2486)

WRITE (1We2488)

CC 590 J=1,NSTRM

WRITE (IW,2490) Jy INC(IROW,J)y DEVI(IROW,J)y PHICIROW,J),

X TRANS(IRCWyJ)y ZMAX(IROW,J)

INC({IROWyJ) = INCUIRCW,J)/RACIAN

DEV(IROW,J) = DEVUIROW,J)/RACIAN

REAL IN RLADE ELEMENT INLET AND OUTLET CONDITIONS

DC 630 J=14NSTRM

REAL (IR,1C30) R(I-14J)y ZUI=-1,0), VI(I-1,J), VTH{I~1,J),

X SLCPE(I-1,J), TOUI-1,J), PO(I-1,0)

0C €40 J=1,NSTRM

READ (IR,1030) RUI,J)y Z(I4d)y VZ(I4J)y VIH{I,J)y SLOPE(I,J),
X TC({I4Jd)y PC(I,4J)

WRITE (IW,25C0)
WRITE (IW,2520)
DC 650 J=1,NSTRVM

121

1343
XS(
185
1R6
187
188
189
190
191
192
193
194
195
196
197
198

200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
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65C WRITE (1W,2530) Jy, REI-143)y Z1I-1,J4), VILI-1,3), VIH(I=-1,J)
X SLCPE(I-1,0), TOLI-1,d), PCULI-1,J)
WRITE (1W,2510)
WRITE (IW,2520)
DC 660 J=1,NSTRM
WRITE (IW,2530) Jy, R{I,9), Z(1,J)y VIULIsJ)e VIH(I,J), SLOPE(I,J),
X T0(I,3)s PCLI+J)
PCII-1,J) = PO{I-1,J)%144.0
PC(1,J) = PC(I,J)%144.0C
SLOPE(I-1,J) = TAN(SLCPE(I-1,J)/RADIAN)
660 SLOPE(I.J) = TAN(SLOPE(I,J)/RADIAN)
WRITE (IW,2540)
RETURN
10CC FORMAT (18A4)
1010 FORMAT (1I5,5%X,6F10.4,110)
102C FCRMAT (3E20.8)
103C FCRMFAT (BF1C.4)
1040 FORPAT (A&,2X,A492A%4 2%,y 3(AG,6X)92A%,2X)
2000 FORMAT (1HL /7777 41X,48ksss INPUT DATA FOR COMPRESSOR DESIGN PROG
1RAM =% //// 30X,18A4 )
201C FORMAT (3X,9HNUMBER OF »4Xe SHMOLECULAR g 4 Xy LOHROTATIONAL » 3X,
1 OHTIP AXIAL,4X,10HTIP RADIAL,3X, 9HHUB AXIAL ,4X, 1OHMUB RADIAL¢3X,
2 9HAUMBER OF o 7TXe3HTIP,6X,10HSTACK LINE / 2Xs 1IHSTREAML INES,5X,
3 6HWEIGHT 37X 4SHSPEED 9 € Xy 4t 1OHSTACK LOCes3X)y2X s 6HBLADES 46X,
& 8HSOLIDITY,3X,10HTANG. TILT / 31X SHERPM) , TX, 4(BH(INCHES) 55X},
5 25%,9H{DEGREES) // 7X|l20F15.3'F13-116F13.495120lyF!ﬁ.ﬁoFlZ.3 )
2020 FORMAT (// 22X,91H¢ PCLYNOMIAL CONSTANTS FOR THE FOLLOMING FUNCTIO
INS CF RADIUS WITH TIP = O AND HUB =1 % // 25Xy 1 THL oE. RADIUS/
2CHCRD,8Xy1THT.E. RADIUS/CHORC,6X,20HMAX . THICKNESS/CHORD,8X,
3 1SHCHORD/TIP CHORD 7/ 11X ,8HCONSTANT, 10X53(F10.4,15X) / 11X,
4 6HLINEAR,12X,4(F10.4,15X) / 11Xy SHQUADRATIC 99X 4(FLO4y15X) /
5 11%,5HCUBIC,13X,4(F1C.4,15X) 7// )
2060 FORMAT (///739X,53HTHE SPECIFIC HEAT POLYNOMIAL IS IN THE FOLLOWING
1 FORM 9,, 9X'4HCP ='E12.5'3H + 7512.595”‘1 +* 'EIZQSOBH‘"‘Z + 9
2 E12.548H#T$%3 + LE12,.5,8H3TS%4 + 2vE12.5,5HsTe*S ////})
2355 FORPAT (/ 45X%X,42H* INPUT BLACE ELEMENY DEFINITION OPTIONS = //
1 8X,9HINC IDENCE,»9Xo9+CEVIATICNs TXy L2HTURNING RATE, TXy LOHTRANSITION
296X, 14HMAX, THICKNESS, 9X,SHCHOKE 4Xs22HBLADE MATERIAL DENSITY 7/
3 IOX.Z(5HANbLE.13X‘p5FRAT[U;2(13X,5HPUINT,lelvaHARGlN'lOX'
4 10FLB/UINI**3 /7 )
2356 FCRNMAT (/ 4S5X,42H* INPUT BLACE ELEMENT DEFINITION CPTIONS * //
1 8X,9HINCICENCE,9X,9HCEVIATION, X, 1L2HTURNING RATE, TXy 10HTRANSITION
2,6X,14HMAX, THICKNESS,9X,5HCHOKE / 10X, 2 (SHANGLE s 13X) 9 SHRATIO,
3 2(13X,SHPCINT),12Xy 6FMARGIN,10X // )
236C FCRMAT (SBX,FT.4,10X4F8.5)
237C FCRMAT (1CNX,4HNONE, 12X,F8.5)
2375 FCRMAT (iH+,10X,3H2-0)
2380 FCRVAT (1H+,10X,3H3-C)
2390 FORMAT (1H#,8X,THSUCTICN)}
2392 FORMAT (1H+,9X,5HTABLE)
2354 FCRMAT (1H4,4X,16HTABLE (S.S.REF.))
24C0O FCRMAT (1H+,28X¢3H2-C)
241C FORMATY (1H+,28X¢3H3-C)
242C FORMAT (1H+,23X,12HCARTERS RULE)
243C FCRVAT (1H4,21X,16HMCCIFIED CARTERS)
2435 FCRMAT (1H4,27X,5HTABLE)
244C FCRMAT (1H4,41X,12HC IRCULAR ARC)
2450 FCRMAT (1H+,44X, THOP T IMUNM)
2455 FORMAT (L1H+,45X,5HTABLE)
2458 FCRMAT (1H4,59%,12HC IRCULAR ARC)
246C FCRMAT (1H4,5UXe10HS S, SHOCK)
2462 FORNMAT (1H4,63X,5+TAELE)

140

239
240
261
242
243
244
245
246
2647
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263

265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300

2

!
p
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2465 FGRMAT (/// 12X,53HTHE INPUT YRANSITION POINT LOCATION OF BLADRE RO
IW NC.,12,2CHy CN STREAMLINE NO.,12,3GH, [S NOT ON THE BLADt ELEMEN
2T7. )

2470 FORMAT (1H+,78X,10HTRANS, PT,)

2472 FORMAT (1H+,74X,18HTABLE (TRANS.REF.))

2474 FCRMAT (1H+,T5X,16HTABLE (L.E.REF.))

2475 FORMAT (///7 3X,SSHTHE INPUT MAX, THICKNESS PT. LOCATION OF BLADE
1ROW NO.,12,20H, ON STREAMLINE NO.,12,49H, IS NOT WITHIN THE REQUIR
2ED 10 TC 90 PCT, C~7REC. )

2480 FCRPMAT (1HY ///// 41lX.49+% TABLE OF BLADE SECTION DESIGN VARIABLES
1 INPUT % //26X,80H(VARIABLES CONTROLLED BY OTHER OPTIONS WILL APPE
2AR AS MINUS ZEROS IN THE TABLE.) /7 )

2482 FORMAT (29X,15HSUCTICN SURFACE )

2484 FCRMAT (11X,10HSTREAMLINE,8X,1SHINCIDENCE ANGLE,S5X,

1 1SHDEVIATION ANGLE, 2X,2CHINLET/OUTLET TURNING,2X,
2 LOHTRANSITICN/CHORD, 3X, 18H(MAX - TRANSETION) )

2486 FORPAT (11X,JUHSTREAMLINE,8X,1SHINCIDENCE ANGLE,SX,
1 ISHDEVIATVICN ANGLE,2X92GHINLET/OUTLET TURNING,2X,
2 L6HTRANSITICN/CHORD ,SX, 16HMAX, THICKNESS )

2488 FORPMAT (13X,6HNUMBER »2X42( 11X, 9H(DEGREES) ) 910X, 10HRATE RATIO,11X,
1 BHLOCATICN,9X,14HLOCATICON/CHORD 7/ )

2490 FCORPAT (15X,12¢2Xe5(12%X,F8.4))

2500 FCRNMAT (1H1 // S1X43CH#* INLET STATION INPUT DATA #*% )

2510 FORMPAT ¢ // S1Xe31t** CUTLET STATION INPUT DATA == )

2520 FCRMAT ( / 1X92(3Xy10FSTREAMLINED,9X,5HAXIALy11XySHAXIAL ,8X,

1 LOFTANGENTIAL6Xs10FSTREAMLINE,2(6X, 10HSTAGNATION) / 6X,6HNUMBER,
2 TX,6HRADIUS 9X,8HLOCATICN,2(8X,B8HVELOCITY),10X,5HSLOPE,8X,
3 1IHTEMPERATURE 6XyBHPRESSURE / 18Xy 2(BH{INCHES),8X) 2(BHIFT/SEC),
4 8X) 9 IH(DEGREES) y TXy BHIDEGLR.)99IX,6H(PSIA) /7 )
253C FCRMAT (TX31345XsF10.49F16e4,F1T7e3,F16.3,F16e5,F15.24F16.3)
2540 FCRMAT (1H1 // 49Xe35+#%% PRINTOUT FOR EACH ITERATICON **3)
END

FUNCTICN CPF(TL)
s#3%  CALCULATES CP(T) OF THE FLUID AT TEMPERATURE,T
REAL INC
CCMFCN /VECTOR/
BETAS(1,21), BMATL(1), BLADES(1), CHOKE(1), CHORDA(1l), CHORDB(1),
CHCRDC(1), CPCO(6), CEV(1,21), IDEV(1l), IGEC(L), IINC(1),
ILCSS(1), IMAX(1l), INC(1,21), ESTN(2), ITRANS(1), NOPT(l),
MXCUT(1), PHI(L1,21), POI2,21)y R(2,21), RBHUB(1), RBTIP(1),
SLCPE(2,421)y SOLID(1), TALE(1), TAMAX(1), TATE(1l), TBLE(1),
TBMAX(1), TBTEL1), VCLE(1), TCMAX(1l), TCTE(1), TOLE(Ll), TDMAX(1l),
TDTE(L)y TILT(1), TC(2,21)y TRANS(1,21), VTH(2,21), VI(2,21),
2(2421), 28HUB(L1)y ZBTIP(1l), ZIMAX(1,21)
CPF = CPCCL)+{CPCOL2)+(CPCO(3)1+(CPCO(4)+(CPCO(S)+ CPCO(6)*TL)STL)
X *#TLI*TL)*TL
RETURN
END

O~ D WA

301
302
303
304
3105
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
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FUNCY [CN TEMD{ KD}
CALCUILATES TZMPERATHRE ASSNCIATED wWITH AN eNTHALPY CHANGE, HD,
REAL IhiT, MATH
CMM.N /VECTIR/
RETAStIy21)y RMATL(1), BLADES(1), CHOKE(Ll), CHARDAL(L), CHNRNB(1),
CHORDC(1), ZPCOL6OY, DEV(1,213), INZVIL1d), IGFYLLY, TINC(L),
TLISSLY, ivAax(Ll}, INC(1,21), ISTN(2), ITRANS(L), NOPT (1},
NXCUT L), PHI(1,21)y PN(2,21), R(2421)}y RAHIB(1), RRTIP{11},
SLOPE!2421), SNLINEY Y, TALF(1), TAMAX(1), TATE(L), TRLFI(1),
TAMAC(1), TRTE{L}y, TCLELL), TCMAX(1l), TCTE(1l), TOLE(1l), TDMAX(1),
TOTEC L)y TILT(LY, TO(2,21), TRANS(L1,21), VTH(2,21), V7{2,21),
12,21, 78HUA(L), 7BTIP(1}, 7MAX(1,21)
COMMON /SCAL AR/
RETA, CP, CPH?2, CPHI, (PH4, (PiS. CPH6, (PP}, (PD4, (PPS, (PP6,
CPley (Ve DCP, DF, DHC, NHCI, y Gy GAMMA, GJ, GJ2, GR1l, GR2,
GR3, GR&4, GRS, H, I, ICONV, IC y IERROR, IIN, IPR, IROTOR, IR,
IROW, ITER, IWe Jy UM, MACH, NAc, NAROWS, N4URB,NROTOR /NSTN,NSTRM,
NTIP, NTURES, NMEGA, P, PNAl, PR, RADIAN, RF, RG, ROT,TL,TOAL,TU
1F (ABS(HD/TU).LT.0.001) GO TC 15
IC = 0
CvC = S.0E-09/ABS(HN/TU)
IF (CVC.LT.0.00001Y CVC = 0.00001
TEMP = TU - HD/CP
TSUM = TUSTEMP
SUM = CPCO(1) ¢+ CPH2¢TSUM
PRND = TEMPEYEMP
TSUM = TSUMETU+PROD
SUM = SUMCOHIRTSUM
PRON = PRODSTEMP
TSUM = TSUMETU+PRON
SUM = SUM+CPH4*TSUM
PROD = PROD*TEMP
TSUM = TSUMETU+PRNOD
DT= TU~TEMP
HN=  DT®(SUM+CPHSETSUMECPHO* {TSUMSTU+PROD*TEMP ) )
IF (ABS(1.0 - HN/HD).LT.CVC) GO TO 20
IC = IC + 1
IF (1C.GY¥.10) WRITE (1w,2000) J, T, HD, HN
1IF (1C.CT.15) GG TN 18
CP = +#N/DT
GO 10 10
15 TEMP = TI) = HO/CP
50 TO 20
1R TEPRNR = ]
20 RETURN
2000 FORMAT (//14X434HINSTABILITY IN FUNCTION TEMP J =413,15H UPPER
1 TEMP =,FB8.2, 13H INPUT DH =,F8.64,12H4 PRES.NH =,F8.4 )
END
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FUNCTICN PRATID(TH)
Cosx CALCULATES PRFSSURE RATIO BY ISENTROPIC PROCESS FOR A
c TEVMPERATURE DIFFERENCE
REAL INCy MACH
COMMNN /VECTOR/
1 RETAS(1,21)s AMATL(L), RLADES(1), CHOKEC(1)y CHORDA(l), CHORDB(1)},
2 CHORDC(L)y TPCO(6)y DEVIL,21), IDEV(L),y IGED(1), TIINC(1),
3 ILOSS(1)y IMAX(L)y INCC(1,21), ISTN(2), ITRANS(1), NOPT (1),

BNOVIPWN-
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%%

NXCUT(1), PHI(Ll,21), PO(2,21), R{2,21), 9=} (1), RATIPI1l),
SLOPE(2421), SOULIN(L}, TALE(L), TAMAXIL’ TATF (1), TRLE(L)},

TBMAX (1), TRTE(LY, TCLEC(L), TOCHMAX(Ll]). S fl)y TOLF(1), TODMAX( 1),
TOTE( 1), TILT(1Y, T7(2,21), TRANSCL,21),y VTH(2 21), VZI2,21),
202,21), 78HUB{L), 7BTIO(L), IMAX{1,21)
COMMON /SCALAR/

1 BETA, (P, CPH2, CPH3, CPH4, CPHS, CPH&, CPP3}, CPP&, CPP5, (PP6,
2 cP1, CV, DCP, DF, DHC, NHCI, DLOSC, G, GAMMA , GJ,y GJ2y GRLl, GR2,
3 GR3, GR4, GRS, H, 1, ICONV, ICOUNT, TERROR, IIN, IP2, [ROTVTOR, IR,
4 IROW, ITER, IwW, Jy JM, MACH, NAB, NBROWS, N4UB oNROTUOR,NST NyNSTRM,
5 NTIP, NTURES, OMEGA, PIl, POAl, PR, RADIAN, 3F, RG, ROT ,TL,TOAL,TU
TSUM = TH ¢ TL

SUM = CPCO(2) ¢ CPP3I®TSUM

PROD = TL#*TL

TSUM = TSUMSTH ¢ PROD

SUM = SUM » CPP4*TSUM

PROD = PRON2TL

TSUM = TSUMRTH ¢ PRNOD

PRATIO = (TH/TL"‘C?!‘E!P(ITH-TL’/DCP‘(SUN’CPPS*TSU“*CPP&‘(TSUN'YH
X & PROC*TLIM)
RETURN

END

®~NT NS

BLCCK DATA

CCMMON /PTS/ FSBIE13)

DﬁTA (FSB(K)'K:].'IB) /-0,.05. .lZy.2'-3v-10'.50.60.71.8,-88,.9511.0,
ENC

SUBRCUTINE BLADE
THIS RULTINE SERVES AS A CONTROL OF THE BLADE ELEMENT DESIGN.

INCICENCE ANC DEVIAT ICN ANGLES ARE SET IN THIS SUBROUTINE,

REAL INCyI2ClU,1304KCyKI yKIC,KISyKM,KOC,KTC,KTS,MACH,MD,NI

CCMMON /VECTCR/

BEYAS(1,21), RMATL(1), PLADES(1l), CHOKE(1), CHORDA(1l), CHURDB(L},
CHCRDC(Y ), CPCCL6), CEV(1,21), IDEV(1l), IGEOQ(Ll),y TINC(1),
ILCSS(1), IMAX(L), INC(1,21), ISTN(2), ITRANS(1l), NOPT(1),
NXCUT(1), PHI(1,21), PC(2,21), P(2,21), RBHUB(1), RBTIP(Ll),
SLCPE{(2,21), SOLID(1), TALE(1), TAMAX(1l), TATE(1), TBLE(Ll),
TEMAX(L1), TBTE(1)y, TCLE(Ll), TCMAX(1l), TCTE(1l), TOLE(1), TOMAX(L),
TCTE(L)y TILT(L),y TC(2,21)y TRANS(1,21), VTH(2,21), VZ(2,21),
Z(2421), I18HUB(1)y ZETIF(1), IMAX(1l,21)

CCVMNMCN /SCAL AR/

1 BETA, crP, CPH2, CPH3,y CPH4, CPH5y CPH6, CPP3, CPP4, cepPs, CPP6,y

2 ¢cP1, CV, CCP, OF, D+C, CHCI, DLOSC, G, GAMMA, GJ, GJ2, GRl, GR2,

3 GR3, GR&, GRS, H, I, ICCNV, ICOUNTY, [ERROR, 1IN, IPR, IROTOR, IR,

4 IRCWy ITER, IW, Js JVM, MACH, NAB, NRROWS, NHUB y NROTORyNSTNy NS TRM,

5 NTIP, NTLPES, CMEGA, Pl, POAl, PR, RADIAN, RFy RGy ROT,TL,TOALl,TU
CCMMON

1 PETAL(2)), RETA2(21), CCSA(21), COSL(2]1), DKLE(1,21), DL(21),

2 GAMM({21), GRAR(21), RELM(21), RPR1(21), REL(21), RE2(21),

3 RE3(21), RE4(21), RES(21), RVTH{2k),y SINA{21), SINL(21), SLOS(21)

4,SONIC(21), THETAP(21,13), THETAS(21,13), TRELYL(21)y TSTAT(21),

DO NN WN
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5 YM{21}, VTSCI21), XBAR(1,21), YBARI1,21),y 2Pi21,13), 7S(21,13)
CCMMCON 7EQLIV/
1 CHC(215, CHK(21), CUSA2(21), FSM(21), KICI21), XDC(Z1)y RULA(ZL),
2 REC{2,21), RPTE{Z2,21), SINA2(21}, SKIC(21), SKUC{21}, TALP(21),
3 TCA(21), TECL2,21)y TCBU2L),TTIRP(21),TTRS(21),YCCLE(25),YCCTE(25)
4,2CCLE(ZS), LLCTE(25), 7CDAL21), ZEC(2,21), 2ZTRP(21), [TRS(2i)
CCMMOCN /BLACES/
AMACH, ACC, A1SCAS, A1SCAl, BINC, CALP, CCC, CEPE, CGBL, CHORD,
> CINC, CKTC, CKIS, Cl, C2s UKAPPA, DRCE, DRCGI, DRCMST, DRCMT,
CRCOI, DRCT, NRCTI, CRLl, CSME, DSMT, DSNI, DSCT, DSSE, DST. OSTI,
EMT, Fi, F2, GEL, ICL, IGC, IPASS, KIS, KM, KI(, KTS, P, PFLOS,
RCC, RCM, RCMS, RCT, RC1l, RECGI, REE, REMT, REtT, RETI, RMS5J, RTRC
6,R1, R1C, R2, SALP, SEPE, SG&M, S5SGBL, SJ, SKTC, SKTS, SLJD, T,
7 Tere, TGBLL, THC, THLE, THMAX, THTE, TKTIN, TLS, WCl, YBL, YBZ, IM
[GC 0
RT1 R{I-1,1)
RT2 R(I41)
RCIE RTYI - R{I-1,NSTRM)
RC2 RT2 - R{I,NSTRM)
CHCROT = CHLC(L)
TLS= (ZRTIP(IROW) ~ ZBRHUR(IRCOW))/(RBTIP(IROW) ~ RBHUB(IROW))
IF (ABS(TILT(IRCWI)I.GEL170.0) GO TO 4
STILYT = SINTILT(IROW))
CTILT= SCRT(1.0- STILT**?2)
GC TC 6
4 HLBT = TILT(IROW)/100.5
IH = HUBT
TIPT = TAN((TILT(IROW) - 1COQ.O%FLCAT(IH))/RACIAN)
I+ = IH - (IH/1C0)*1CC
HUBT = TAN(FLCAT(IH)/RADIAN]}
Rl = R{I-1,4)
R2 = RUI,J)
RR1 (RT1 - R1}/ROI
RR2 (RT2 - R2)/RC2
THLE= TALE(IROWI+(TBLE(IRNWI+(TCLE (IROW)+TOLE(IROW)*RR1)*RR1)#RR1
THEMAX = (TAMAX(IROW) + (TBMAX(IROW) + (TCMAX(IROW) + TDMAX(IROW)*
X RRLI*RRY}*RR1)/2,0
THTE= TATE(IRCW)+(TRTE(IROW)+:TCTE(IROW)+TOTE(IROW)*RR2})*RR2)*RR2
CHCROD = CHC(J)
R1C = R1/C-CrC
P = PHICIRC: ,J)
T =TRANS(IRUW, J)
IV = IMAX{IRCW,J)
IF (IMAXUIRGW) NEL3) IV = IM + T
81 = BETALl(J)
B2 = RETA2(J)
B2EGC = R2*VTH(I,J)/R1
IF (ISTA(I).GT,.D) B2EC = R1*CMEGA/12.0 - B2EQ
. = ATAN(RZEQ/(VZ(I-1,J)%SQRT(1.0 + SLOPE(I-1,J)%%2)))
SOLIC(IRCW)*(RTL + RY2)/(R1 + R2)*CHORD/CHORDY
1.0 - THLE - THTE
T- THLE
loc - I - THTE
THC = THLE - THTE
TALP(J)= (R2-R1I/U{Z(1ed)- 2ZUI-14d))
CALP SQRT(1.N/{TALP(J)2*2+1,0))
SALP TALP(J)2CALP
TEPE THE/LCC
CEPE 1o2/7SCRT(LD+TEPESX2)
SEPE TEPE®CEPE

W uworu
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A% LOCATE ThE BLADE ELEMENT STACKING POINT REFERENCE WIlTH

RESPECT TGO THE HUB WALL STACKING POINT.

RCA(J)= (R1I-REBHUB(IRCW) ¢+ (ZRHUB(IROW) = Z(I-1,J))1*%TALP(J))/
X (1.0 = TaLP(J)*TLS)

2CDA(J) = RCA(JI)*TLS

RCA(J)= RCA(J) + RBHUB(IROW]

RR= RBHUS(IRCW)/RCA(J)

IF (ABSITILT(IROW)).CEL.120.0) GO TO 12

TCA(J)= ARSIN(STILT®*(SCRT{1,C ~ (RR2STILT)**2 ) —RR*CTILT))

GC 10 1la

12 TCA(J) = (RCA(J) — RBFUB(IROW))I/(RBTIP(IROW) - RBHUB(IROW})*(TIPT

X - HUBT) + (HUBT — RBHUBU(IROW)/(RBTIP(IROW) - RBHUB(IROW)}*(TIPT -~
X HUBT))*ALCG(RCA(J)I/RBKUBR(IRCOW))

14 IF (ISTNC(I).LT.0) TCALY) = -TCA(Y)
1f (ITER.GT,.1) GO TO 15
299 AN APFROXIMATION CF THE LOCATION OF THE STACKING POINT WITH

RESPECY TO THE BLADE ELEMENT LEADING EDGE CENTER FOR INITIAL STACK
AREA = (2.0%THMAX ¢ THTE + IM=THC) /3.0
A = IM$(2.0%THMAX - 2.0%THTE + IM*THD)/12.0 + (THMAX + THTE)/4.0
XRAR({IRCW,J) = A/AREA - THLE
Y8l = (THLE + THTEN/ 2.0
YB2 = CCC*(4.U - ( 4.C+ 1.0/THMAX)I*YB1)/10.0

35 IF (CHOKE(IROW).EQ.0.C.AND.ICONV.NE.2) GO TO 60
IF (ICONV.GT.2) GC TC €0

8% CALCULATE STREAMTUBE CCNVERGENCE CONSTANTS
IF (J.GT.,1) Gu TC 20
RJM= R]1
LoM= Z(1-1,4)
SLJ¥= TALP(1)
GC TC 40

20 RJM= R(I-1,J-1)
ZJM= Z2(1-1,J~1)
SLIM= TALP(J-1)

30 IF (J.LTLNSTRM) GO TC 40
RJP= R1
1JP= Z{I1-1,NSTRMj}
SLJP= TALP(NSTRM)
GC TC S50

4C RJP= R{I-1,J+1)
1JP= Z2(1-1,J+1)
SLIP= (RUI,J+1) = RUI-1,J41)0)/7(2(140+1) - Z(I-1,3+1))

50 RC1 = RIM - RYP
CR1 = RD1 - ZJMASLJUM + ZJPa5LIP
SLJC= SLJIP - SLUM
GML = GAMM(J) - 1.0
GR2 = GAMM(J)/GM]
GR4 = (GAMNM(J) + 1.0)/2.C
GR1 = GR&/GM1

RMR= 1.0 ¢+ GML/2.,0%RELM(JS)*%2
A1SCAL = RELM(J) *(GR4/RMR)**GR]
PFLCS= OEAR(J)*(1.0 ~ RMR¥*({-GR2))
RTRC = 0.C
IF (ISTN(I).LT.0) GO TC €0
RTRC = (CMEGA#CHORD) ##2/(GR2*RG*TREL1(J)*144.0)
6C IF (IINCUIRCW) «GT.2) GO TC 90
L 11 1f INCICENCE ANC CEVIATION ANGLES ARE TO BE DETERMINED 8Y THE
METFODS CF NASA SP-36, VALUES FROM SEVERAL PARAMETRIC CURVES ARE
NEECED. ALGERKAIC EQUATICNS WHICH MATCH THE PARAMETER CURVES
WITHIN A FFW PIRCENT ARE USEC.
IF (TINCC(IRUW).EQ.1) CC TO 7C
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#3% CALCULATE THE 3-D INCICENCE CORRECTION FACTOR.
I3C = (2.55%RRL =~ 2.8 ¢+ {((7.,5 ~ 2.5%RR1)I*RRL +5,275)*RELM{J)**( (((
X 0.1563#2R1 - 0.344)%RR1 + 1.0828)/RELM(J))I**((0.4375%RR]1 - 1,1375
X )*RR1 + 2.7094)))/RACIAN
#9% CALCULATE SLOPE CF DEVIATION WITH 2-D INCIDENCE FACTOR,

A = 3,35 - Bl*(0.71+ C.25%8B1)
B = (0.0446%B1 ~ 0.04C5)%81+ 0.0C70
C = SINIPI*SY/1.2;

CCEVDL = EXP(-A%SY) + B*(C/SJ)%%2
GC 7O 80
72 130= Q.90
%% CALCULATE KI, THE BLACE THIUKNESS FACTOR ON INCIDENCE.
BC KI -~ {(1514.4%THMAX ~ 312.24}1%THMAX + 26,0)*THMAX

. #%% CALCULATE 2-0 INCIDENCE FACTCK FOR 10 PERCENT THICK AIRFOIL

12010 = S *B1*(0.080 - B1*#5%0,001442;)
CINC= 130 + KI*[2C10

. %% CALCULATE, NI, INCIDENCE FACTOR ON BLADE CAMBER.

AA = (0.1659 - 0.03757%SJ4)1%S8 - 0.2205 - 0.02638/5J

eB = ( 0.08833#%(1.2 - SJI**2 ~ 0,55653)%0.1882

CC = 1.427 + 7.288 % (SJ - 0.4)/51%¢5,2

€0 = (C.C0025#%S) - G.C4381%S5y + 0.0165

EE = ABS(BL1*RADIAN - 40.C})/3C.0

NI = ~0.025%(2.4 - SJ) + (AA+BB#B1*s2) *Bl + (0.5+(ATAN(Bl*

X RACIAN- 40.0))/P1)*(0.02T7T8B%EE**],65 + DD*EE**C()
cC 7¢ 150
90 IF (IINCYIRCW).EQC.4) CC 7O 130
IF (ITER.GT.1) GC TO 120
DXLECIROW,J) = 2., 0%ATAN((THMAX - THLE)}/ZM)
120 CINC= DKLE(IRCOW, J)
IF (TINCCUIRCW)LEQ.S) CINC = CINC + INC(IROWsJ)
GL TC 140
138 CINC= [ANC({IRCH,J)
14 NI= 0.0
I30 = 0.9
15¢ 1PASS = O
IF (IDEVU{IRPCW)}.GT.2) CC TO 180
1F (IDEVUIROW) LEQal)Y GC TO 140
*%3 CALCULATE D3D, THE 3-C DEVIATION CORRETCTION FACTOR
A = =1,75 + 2.5%RR2 ¢ Ru?2%%6,58
B = ((60.2 -~ RRZ2®46,25)%RR2 - S,558)%RRC
Cz S5.,0¥({ABS(RR2 — 0.05))¢+0,1660667
D30 = (A + B*®(RELM'J) = C.45 + KR2/6,0)%*C)/RACIAN
GC TC 17C
160 03D0= 0.0
. m®® CALCULATE C2D1C, THE 2-0 DEVIATION FACTOR FOR 10 PERCENT THICKNESS
170 D2D10 = ((({(0.6812¢Sy ¢ 1.325)¢SJ - 0.3895)%B8L + (0.4957~ SJ*{
X 0837 4+ 1.,0185%S3))1%R1 + ((0.(0825%SJ & 1.473)%SJ - 0.1049))*B1/
X RAL IAN
#9% CALLULATS KLy THE BLACE THICKNESS FACTOR ON DEVIATION.
*#% CALCULATE M0, CEVIAYICN FACTCR ON BLADE CAMBER.
ML= ({0.05+42%8)1 =0,04221)#B1 + (,04046)%B1 + 0,25
se% CLLCULATE Ry, THE SCLICITY EXPCONENT.
B = 0.966 + R1*(-",17475 ¢+ B81%(0.,2034 -~ B1%0,2781)1"
CCEV = KC®D2DL1C ¢ I3C+CDFVCI + D30
Gr TC 247
180 IF CIVEVIIRLUW) JNELS) CC TO 160
ML= N,
S 10‘:
CLCEV = LYVIIRLW,J)
GC TC 749
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195
2CC

21C

22C
23C

240

%

242

244
246

248
25¢C

28C

"
oy
'TL

X GBL*(2.53%4 -~

SEY AT IO vy CARTORS 201 %,

B = 0.5

G3L = 0,374l + (0.63802

I[F (IGCLFQe2.0R IGEQUIRONLNFL2) GiI) T 198
DK = 2,0%(THMAX - THLE)/7M/ (Bl - B2)

CM = (RELMIJ) ~ Y1,0)2RELM)%6

P = (1.0 - DK3CM$(1l.C - T1/T3/0i.0 + (1.0 + DK)IRCM)
GAMPHI = 0,.5%(P*C2%%2/(1 - (1)/CCC
1F (GAMPHIY 203,220,210

ACC = T € C1*GAMPHI
GC TC 230

BCC = T 4 ¢+ aMPRI/P
GC 70 230

ACC = T

ME = {0.0°7 + TBLEIC, R 008 ¢+ S,U8BILSEGHL) 1*. 2, CYALCI*® (2,175 -
0.62927*GEL))

CCEV= C.0

IPASS = IPASS + 1

CN = Bl - B2eq + CDEV - (INC

DVC = MD/SJ*2d

CC = 1.0 - uvC + NI

DKAPPA = CN/CC

BINC = CINC + NI*DKAPPA

SKIC(J) = Bl -~ BINC

SKCC(J) = P2 - COEV -~ CVC*CKAPPA

KICCY) = ATANCCTAN(SYEC(J)ISCALP — (SINA(JVSCALP — SALP®C0SA! ) ) *
X RPTE(I-1,4)1)/CCSALJ))

KCCCJ) = ATANCUITAN(SKCC(JU)I#CALP - (SINA2({J)*CALP —~ SALP2COSA2(J))
X *RPTE(I,3))/COSA2(S))

DkAPPA = KIC(J) - KOC(J)

SGAM = SIN((KIC(JY) + KCC(I))/2.0)

IF (IGECUIRUW) NEL2) CC TO 220

SET SEGMENT TURNING RATE RATIO FOR OPTIMUM OPTION
IF (RELM(JVY.GT.0.8) CC TC 242
P =1.0
GC TC 248

IF (ITER.GT.1) GO TO 244

DK = 2.0*(THMAX -~ THLE)/ZIM

GC TC 246

DK = DKLE(IRCw,J)

CH = 0.TS*(RELM(J) - C.B8)%RELM(J)*%6
DKT = KIC(J) - KOC(J)

P = (DKT - LK*(CM*(1.C - T)/Y)/(DKT + (DKT + DK)*CM)
PHI (IROW,J) = P

CALL CCNIC

IF (IERROR.EQ.1.AND, ICCNV,LT.2) RETURN
IF ¢IGO-1) 280,230,14%C

RETURN

ENC

]

SULBRCUTINE CCNIC

ThiS IS ThE MAIN PLACE ELUEMENT LAYOUT ROUTINE., BLADE ELEMENTS
ARE LAID U €N A CONE SULCKE THAT THE CIRCULAR ARC CFARACTERISTIC
CF CONSTART £.is GF ANCLE CHANGE WITH PATH DISTANCE IS MAINTAINED.
REAL INC, ¥iC, "Iy, 1S, KM, \7C, KOP, KOSy KPy KS, KT, KYC, KTP'
1 K19, KWC, MA(CH
CCMIPON /VETTCORY
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207
209
209
210
211
212
213
214
215
216
217
Z18
z19
220
221
122
223
224
225
226
227
228
229
230
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244
245
246
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250
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253
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1C

2t

148

BETAS(1,21), BMATL(1), BLACES(l), CHOKE(1l), CHORDA(1), CHORDB(1),
CHCRBCt1), CPCOLE), CEVIL,21), IDEVILY, IGEQ(L)y TINC(L),
TLCSS(1Y,y IMAX(L)y INCHEL,21)y ESTNL2), ITRANS(L), NOPT(1),
ANXCUT(1), PHE(L1,21), PC(2,21)y R(2,21), RBHUBI(1)}, RBTIP(Ll),
SLCPE(2,21), SOLIDCY), TALE(1), TAMAX(1)s TATE(1), TBLE(L),
TBrAX(1), TETECL)y TCLECL), TCMAX(1l), TCTE(1l), TDLE(L), 7DMAX(1),
TOTE(LY, TILT(1), TCU2,21), TRANS(1,21), VIH(2,21), VZ(2,21),
2(2,21)y ZEVUB(1)y ZETIP(1l), ZMAX(1,21)

CCMMON /SCAL AR/

BeTA, CPy CPHZy, CPH2, CPH4, (CPHS, (PH&6, CPP3, (PP4, CPPS, CPP6,
cei, Cv, CCPy, CF, DKC, CHCl, DLCSC, G, GAMMA, GJ, GJ2, GR1l, GR2,
GR3, GR4, GRS, K, I, ICCNV, ICOUNT, IERROR, IIN, IPR, IROTOR, IR,
IRCW, ITER, IW, J, UM, MACH, NAB, NBROWS, NHUB,NRCTOR,NSTN,NSTRM,
NTIPy NTURES, OMEGA, PI, POAl, PR, RADIAN, RF, RG, ROT,TL,TOAl,TU

CCMMON

1 BETAL(21), BETA2(21), CCSA(21), COSL(21), DKLE(1,21), OL(21},

2 GAMM(21), CBAR(21), RELM(Z1), RPR1(21), REL(21l),s RE2(21),

3 RE2(21), RES(21)y RES(21), RVTH(21), SINA(21), SINL(21), SLOS(21)

4ySCNIC(21), THETAP(21,13), THETAS(21,13), TREL1{21), TSTAT(21),

5 VM(21), VTSC(21)y XBAR(1,21), YBAR(1,21}, ZP(21,13), 2S(21,13)
CCMFMCN JEQUIV/

1 CHC(21), CHK(21), CCSA2(21), FSM(21), KIC(21), KOC(21), RCA(21),

2 RECL2,21), RPTE(2,21), SINA2(21), SKIC(21), SKOC(21), TALP(21),

3 TCA(21)y TECH29210s TGB(21),TIRP(21),TTRS(21),YCCLE(25),YCCTE(25)

4 ZCCLE(25), 2CCTE(25), ZICDA(21), ZEC(2,21), ZTRP(21)}, ZTRS(21)

CCMNMCON /BLADES/

AMACH, ACC, A1SCAS, A1SCAl, BINC, CALP, CCC, CEPE, CGBL, CHORD,
CINCy CKTC, CKTS, Cl, C2, DKAPPA, DRCE, DRCGI, DRCMST, DRCMT,
CRCCI, CRCT, ORCTI, CR1l, CS™E, DSMT, DSOI, DSOT, DSSE, DST, DSTI,
EvT, Fl, F2, GBL, ICL, IGO, IPASS, KIS, KM, KTC, KTS, P, PFLOS,
RCCy RCM, RCMS, RCT, RCl, RECGI, REE, REMT, RET, RETI, RMSJ, RTRC

6:R1, R1C, R2, SALP, SEPE, SGAM, SGBL, SJ, SKTC, SKTS, SLJD, T,

T TEPE, TGBLL, THDy THLE, THMAX, THTE, TKTN, TLS, WCl, YBl, YB2, ZIM
CCMNMON /MARG/

1 AL, ADAS, ACAl, CCHCRC, DAL, DADAS, DPW, DPWL, DRCLEP, DRCM,

2 OrRCTPI, CRCTSI, DRCWT, CSaA, DSpP, DSPl, DSPZ, DSS, DSS1, DSS2, OSW

34EBy EWCy Fy HCy ICHCKE, KIP, KOP, KOS, KP, XS, KTP, KWC, PI2, RCI

49RCCy RCPy RCSy RCTP, RCTS, RELEP, REQI, REP, RES, RETP, RETS,

S REWT, RTR, RTRC, RTRC, SECGEL, TCGl, TGBL, WC, ZMT

1C0=0

ESTABLISH BLADE ELEMENT CENTERLINE TO SATISFY CAMBER, CHORD

ANC TRANSITICN PCINT REQUIREMENTS.

CCAV= SCRT (1.0 - SGAM2##2)

CK2 = DKAPPA/(1.0C + P#C1/C2)

CCHCRD = CALP=*CHORD

IF (IPASS.CT.1l) GO TC 30

IcL =1

EPS= CCC*SCAMASALP/(RIC + (THLE + CCC*CGAM)*SALP)

DPHI = CKAFPA - EPS

DPHI4 = DPH[/4,0

CPHIKS = DPHI#DPKI4

DSC! = CCC/(1.0 ~ CPHIFS/6.0%(1.0 - DPHINKS/20.0))

DSTI= C1/7CCC*CSO!

OSCT= 0OSCI - LSTI

IfF (ITER.GT,1) GC TO 10

SINCP4 = CPHI4*SRS(DPH+14)

YRAR(IRCW,J) = YBl + YB2#SINCP4/SQRT(1.0 - SINDP4*%x2) - THLE

IF (ABS{SALP/R1C),LT.1,0E-08) GO TO 20

RCI= R1C/SALP ¢+ ThLE

GC 1C 2?25

RCI= 1.0E+C8
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40
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55

60
70
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1cC

RCG = RCI - THLE + (ICCA(J) + ZBHUB(IROW) — Zii-1i,3)1/CCHORD

oK1 OKAPPA - CK2

CALL EPSLCM(KIC(J),-CK1,RCI,CSTI,ORCTI,RETI)

KTC = KFL(J) - DK1

RCT= RCI + DRCTI

CALL EPSLCN(KTC,-DK2,RCT,DSCOT,CRCOT,REQT)

RCC= RCT + CRCOT

REUI= RCO/RCT*RETI + REQT

DRCCI= DRCTI + DRCCT

CALL TANKAP(RCI,DRCOI,RECI,TANCCC)

TGBL= {TANCCC + TEPE)/(1.0 — TANCCO®TEPE)

CALL RPCINT(RCILDRCTIRETI,TCBL,JRCTP)

SECCBL= SQRT(1.0 + TGEL*%2)

CCl= DRCTP#*SECGBL - C1

DC2 = DRCCI®SQRT(1.0 + TANCCO#*#*2)sCEPE - CCC

IF (ICL.GT.1.AND.ABST{TGBL - TGBLL).LT.1.0E-04) GO TC 45
GBL= ATAN(TGBL)

CALL EPSLCN(GBL,0.0,RCI, XBARCIROW,J),0RCMT ,REMT)
RCM = RCI + DRCMT

CALL EPSLON(GBL+PI2,0.0,RCM, YBAR(IROW,J),0RCGI,RECGI)
ORCGI = CRCGI + CRCMT

RCI = RCG - CRCGI

ICL = 2

TG8LL = TGBL

IF (ABS(DC1).LT.1.0E-05) GC TO 4C

0Sl= DSTI#*CC1/(C1l + CC1)

pST1I= DST1 - OS1

0SCT= DSOV - CS5CI#*DC2/(CCC + DC2) + CS1

0SCI1 = DOSTI + DSOV

DK2 = DKAPPA/(1l.0 + P*CSTL/CSOT)

GC 1C 30

IF (ABS(CC2).LT.1 OE-C€) GO TO 50

DSCT= DSOT - CSCI*DC2/(CCC + DC2)

0SOI = DSTI + 0SOT

GC TC 35

I¥ (IPASS.EG.2) GO ¥C 10C

IF (ICCNV.EQ.2) GC TC %5

IF (IDEVIIRCOW)LE.2.CRLICEV(IROW).GEL.S5) GO 70 100

CALCULATION OF A PRETTER VALUE OF MAXIMUM CAMBER HEIGHT ABOVE
THE CONSTANT ANGLE LINE CONNECTING BLADE ELEMENT EDGE CIRCLE
CENTERS. IT IS USED FCR A MCRE REFINED VALUE OF DEVIATION ANGLE

BY MODIFIED CARTERS RLLE.

IF (ABS(DKAPPA).LT.0.CC1) GO TC 80

GCCC= ATAN(TANCCO)

DGAvV= KTC - GCCO

IF (ABS{DGAM/CKAPPA).LT.C.001) GO TO 90
IF (DGAM/LCKAPPA.GCT.0.C) GC TO 60

DSAT= DSTI*DGAM/DKI1

GC 10 70

DSAT= DSCT*DGAM/CK2

CALL EPSLCN(KTC,~DGAM¥,RCT,CSAT,DRCAT,REAT)
CALL RPCINT(RCT,DRCAT,REAT,TGBL,DRCAP)
ACC= T + DRCAP*SECGBL

GC TC 95

ACC= 0.5

GC TC 95

ACC= T

I1F (IDEV(IRCH) . LT.3.CR.ICEV(IROW)GT.4) GO TO 100
1GC=1

RETLRN

RECGI = RECGI + (1.0 ¢+ DRCGI/RCM)*REMT

69
70
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96
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RESFT PLACE EDGE CCURCINATES
R(I=-1,3) = RCA(J) = (LRCYE & THLE )*SALP2CHORD
RUI,J) = R(l-1,4% # {06CCL & THLE + THTE)*$SALP*CHURD
Z(I=-1,J) = 72hUB(IROwW) + ZCCA(Y) - (LRCGI + THLE)I*CCHURD
U140y = ZUl-1,3) * (LRCCT ¢ THLE » THTEY*CCHORD
R1C = R{I-1,J)/7CHCRD
TCGT = PECCI/UIRIC + (CRCCI ¢ THLEI*SALP)
CONIC CCOCRCINATES PF TrT MAXIMUM THICKNESS POINT
IMY = IV - T
IF (ZMT NEL.CLU) GC TC 120
DRC¥T= C.0O
REMT= 0,0
DK= Q.0
pSK¥T = C.C
DSME= DSTI
GC T1C 180
HKTC= KTC/z.7
SHKTC= HKTC2SRS{HKTC)
SHKTCQ= SHKTC**2
SKTC= 2.0#SHKTCH*SCRT (1.0 - SHEKTCQ)
IF (ABSISKTL) LT 1.0E=-07) SKTC = 1.,CE-C7
CKTC= 1,0 - 2.0#SKRKTLC
TKTh= —-CKTC/SKTC
IF (IMT.GT,C.() GC TC 120
DSMT= DSTI*ZMT/CL
DKCS= DKI/LCSTI
DSME= DSTI]
GC T 14
DSMT= DSCT*IMT/C2
CKES = DK2/LSLT
pDSkE= -USCT
DK= -DS¥T%LKES
CALL EPSLEN(KTC,CKyRCTLCSMT,CRCMT,REMT)
CALL RPCINT(RPCT,CRCMT,REMT ,TCBL,DRCMP)
IMTCAL= CRCMPRASECGAL
IF (ABS(ZNTCAL - IMT).LT.1.CE-CS)Y GO TO 15¢C
DSMT = DOSMTx7MT/IMTCAL
GC TC 1e&f
RCM= RCT + LROMT
REMiIi= (1l.C + LRCMT/RCTII*RET[ + REMT
KVM= KTL + UK
HKM= KM/2 .,/
SHEKNVM= HKMEORS (HKM}
SHKMQ= SRKM¥®7
CHKM= SCRT(1.L - SHKMC)
SKM= 2,0%SHKM*CHKM
CKM= 1.0 - Z.U*SHKMQ
DSME= DSME + LSMT
DEFINITICN OF SLCTICN SURFACE MAX. THICKNESS POINT
CALL EPSLCMN(KM+PI2,0,2,RCM,THMAX,CRLM,REM)
RCMS= RCM + DRCM
IF (ZMT.GT...L) GC TC 120
DEFINITICN GF SUCTICN SURFACE CURVE FOR MAXIMUM THICKNESS
FOINT CN CR AHFAL CF THE TRANSITION POINT
DK= 2,0%(Tt-MAX = THLE)/LCSME
KIS= KICtJ) + fK
KIP= KICtY) - CK
DRCIM= —CRCTI - CRCMTY - [R(CM
EMSI= REVMIZKCM + RFM/RCMS
CALL SURF (KIS, KM, SKMoCKNMRCI . "CIMyTHLE,EMST,DSSE)
IF (7MT.FCQ.. L) CC TC 160
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DRCMST= CRCMT + LCRCM

ENMT= REM/RCMS + REMT/RCM

CALL YRAN(KIS,THLETHMAX,KTS,RCTS,RETS,SS51)

DHKT= (KTC - KT7S531/2.0

DK= 2.0%(DST - THTE - CSCTHOEKT)H/ZLOSCT + (DST - THTD)2DHKT)
DRCCTS= DRCCT - CRCT

EMSC= RET/RCTS - REOT/RCC

DRCTSI = CRCTI + CRCT

GC TC 170

RCTS= RCMS

KTS= KM

RETS = RCMS*EMSI
0SS1 = -DSSE
SKTS= SKw

CKTS= CKM

DK= 2.0%{THMAX - THTE)/CSOT
DRCCTS= DRCCUT - DRCM
EMSC= REM/RCMS - REOQT/RCC
DRCTSI = CRCTYI + CRCM
KCS= KOC(J) - DK
KCP= KOC(J) + DX
CALL SURFIKCS KTSeSKTS,CKTS,RCO,DRCOTS, THTELEMSO,DSS2)
GC TC 190
DEFINITICN OF SUCTICN SURFACE CURVE FOR MAXIMUM THICKNESS
PCINT BEHINC THE TRANSITION POINT
DK= 2,0*#(THFMAX — THTE}/CSME
KCS = KCC(J) + DK
KCP = KCC(J) - DX
DRCCWM= CRCCT - DRCMT - CRCM
EMSC= REMT/RCM - REOT/RCC 4 REM/R(CMS
CALL SURF(KQOSKM,SKM,CKM,RCO,DRCNM,THTE ,EMSC,0SSE)
DRCPST= CRCHT + DRCM
EFMT= REM/RCMS + REMT/R(CM
CALL TRAN(KUS,THTE,THNMAX KTS4RCTS,RETS,DSS2)
DHKT= (KTS~- KTC)/2.0
DK= 2,0%#(CST - THLE - CSTI*DEKT)/Z(DSTI + (DST -~ THLE)*DHKT)
KIS= KICtJ) + DK
KIP= KICtJ) - 0K
CRCTISI = CRCTI + CRCTY
EMSI= RETI/RCT + RET/RCTS
CALL SURFIKIS)KTSySKTSyCKTS,RCI y~DRCTSI ,THLELEMSI,DSSE)
DSS1 = -DS<E
DEFINITICN CF PRESSURE SURFACE MAXIMUM THICKNESS POINT
CALL EPSLCN(KM4PI2,0.,C,RCMy-THMAX, DRCM,REM)
RCMS= RC™M + DRCM
IF (ZMT.GT.0.C) GO TC 220
DEFINITICN CF PRESSURE SURFACE CURVE FOR MAXIMUM THICKNESS
PCINTY CN CR AHEAC OF THE TRANSTION POINT
DRCIM= -CRCTI - ODRCMT -~ CRCM
EMSI= REVMI/RCVM + REM/RCMS
CALL SURF(KIP,KM,S5KM,CKM,RCI,DRCIM,~THLE,E " {,DSSE)
ORCLEP = CRCE
REL:P = REF
lF (IMT.FC.\'.\‘J) GC YC 2\’0
CRCF¥ST= CRCMT + CRCM
EVMT = REM/ZR(CMS + REMT/RCHW
CALL TRAN(V Dy =THLE,=THEMAX JKTP,RCTPLRETP,1SPY)
CRCCTS- FRCLYT = CRCT
FOSr = RUET/SCTY = RECT/ZEON
pRCTEL = eV« 20T
GC 10 21N

191
192
193
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1a7

198

199
2C0
201
202
2N3
2046
205
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2C7
208
209
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212
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217
218
219
220
221
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2212
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20C0 FCRNMAT (/// 6XoT4HTHE RLADE ELEMENT THICKNESS DECREASES FROM THE L
LEACING EDGF OF ELEMENT NCo.,13,17H OF BLADE ROW NO.,13,17H ON ITERA
2TICN NNLywiI3 )

2010 FCRMAT (/// 6X,T5FTHE BRLADE ELEMENT THICKNESS DECREASES FROM THE T
IRATLING FDGL GF ELEMENT NO.si3,17H OF BLADE ROW NO.»13,17H ON ITER
2ATICN NCoyI3 )

202C FCRMAT (// 1X,4THACJLST SUOME OF THIS INPUT DATA L.E.RAD/CHORD

MAXaTHO/CHCRL =4FT7e4y1TH T.ELRAD/CHORD =,FT.4,

2 21F MAX . ThH LCC./CHCRL =,FT.4 }

152

1 F7.4,17H

RCTP = RCMS

KTP= KM
RETE= RCMS * EMSI
DSPL = -PSSt

DRCCTS= CRCCT - [RCM
EMSC = REM/RKCMS - RECT/ROEC
DRCTIPI = COCTI + LRLCM
cart SURF{KUP,KTP,SKTS,CKTS,ROM, GRENTS,=THTE,EMSC,1SP2)
GC TC 230
DEFINITICN UF PRESSULRE SURFACH CUKVE FOR TrE MAXIMUM
THICKNESS PLINT BeHIND THE TRANSITION POINT
DRCCM= DRCCT =~ CRCMT - [CrCWM
EMSC = REMT/RCM - RECT/RCC + REM/RIMS
CALL SURF(KUP,KH,SKM.CKM,RCD.URCDF'—THTE,EMSU,USSE)
DRCMST= DRCMT + DRCM
EMT = REM/RCMS + REMT/RCP
CALL TRAN(KGP.—TPTE.-TrMAX,KTP.RCTP.REYP.DSPZ)
DRCTPI = CRCYI + CRCY
E®S] = RETI/RCT + RET/RCTP
CALL SURF(KIP,KTPySKTS,CKTS4RCI,~DRCTPI,~THLE,EMSL,DSSE)
DRCLEP = CRCE
RELEP = REE
DSP1 = -DSSF
DSS pSS1 + [£SS2
psSpP nsPl + LCSP2
EB = 1.C/(SJU*(RCI + CRCCI/2.C))
IF (ICCAV.CT.2) RETURM
DSA = (0SS + LSPY/2.C
DKLE(IRCW,J) = KIS - KICUJ)
IF (DKLE{IRCW,J).GE.C.C) GC TO 232
WRITE {(IW,2000) Jy IRCW, ITER
GC TC 233
IF ((KOS - KCC{J)ILE.CeT) GC TO 234
WRITE (IW,201C) J, IRCW, ITER
THMAX = 2,0¢THMAX
WRITE (IW,?C2C) THLE, [FMNAX, THTE, IM
IERRCR = 1)
IF (ICONV,.LT,.2) RETURN
RTRC RTRC®SALP*DSA
R¥MS Y {R1C + R2/CHORLC)*S4/2.0
WC1 = RICHCLS(BETAL(J))/RMSY
ICHCKE = 1
KP = KIP
DPW -LSP1
RCP RCI + CRCLEP
REP RCPxEB + RELEP
DRCWT = CRCLFP - LRCTSI
REWT = REP — RETS*RCP/RCTS
CALL CHAN
RETURN
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SUBRCUTINE EPSLONIKO 30X, PGsL Sy URyRE)
CALCULATICN CF CUNIC RADIAL AND CIRCUMFERCNTIAL COMPUNENTS OF
A CLADE FLEMERNT SEOMENT W[TH GIvAN PATH DISTANCE AND END ANGLES
REAL KO
[F (DS EQ.C.C) GC TU 1%
HCK= DK/?2."
SR= SRS(HCK}
SKFCK= HDK=*SR
SHECKG= SHEK#*xQ
CHCX= SCRT (1.0 - SHOK()
HKC= K0/2.0
IF {HKO.GT.0.7853981¢) GC TC &4
SKFKC= HKO*SRS(HKO)
SHXCQ= SHKC®x%
CHKC= SQRT(1.C - SHK(C)
SKC= 2.0%SHKC#*CHKC
CKCs 1.0 - ZOC‘SNKCQ
GC T1C 6
HKQ = 0.78536816 - HK(C
SHKC = HKO*»SRS(HKO)
SHKCQ = SHKC*»*2
CHKO = SQRT(1.0 - SHKCC)
Sk¢ le0 - 2.08SHKOC
CKC 2.0#*S5iKO*CHKO
SKA= SHOHMSCKC + SKC*CHCK
CKA= CHOK®CKE - SKO*SHCK
CCNIC RACIAL COMPCNENT CF THE PATH
DR= DS*CKA*SR
IF (ABS(DK).GT.0.C00C1) €O TC 10O
1F (2BS(RC),GT.1C0.0*CS) GC TO &N
CIRCUMFERENTIAL CCMP, WHEN PATH ANGLE IS ESSENTIALLY CONSTANT
RE= (RO + CRI*SKA/CKA*ALCG({1.0 + DR/RO)
RETLRN
IF (ABS(RC).GT,.1CONO.C%CS) GC TO 60
RS= RQO/CS
IF (RS*#%2/A8S(CK)GTL1.77409) GO TO 60
CCNIC CIRCUMFEREATIAL CCMPUNENT OF PATH BY GENERAL EQUATION
RCK= RS*CK -~ SKO
QCKS= HDK#%%2 /4,0
SES = 0,6LEEE66T*RCKFCCKS*(1,0 - 0.6*%QDKS*(1.0 ~ 0.15873C16%QDKS*
X (1.0 = C.C7T7777778*QCKS*(1.C - 0.046753247%QDKS*(1.7 - ,031330903
X *CCKS M)
DRR= DR/RC
IF (ABS{CRR),GT,0.21) GC 1O 20
RRM = Q.5%CRR*(1.0 = CL,25%CRR*(1,0 -~ 0.5%*0DRR*({1.0 - 0.625%DRR*(1.0
X = CoT*DRR#( 145 — G 75*CRR*( 1.0 - 0,78571429*DRR*(1.0 - 0.8125%DRR
X #(1.0 - C,63323223%CRR)))I})Y))
RRC = RRM  + 1,.C
GC TC 130
RRC= SQRY(1.7 ¢+ DRR)
RRM= RRC - }.C
R¥= RRN%*RS
D = RCK*CHLCK + SKA + [K*PM
XS= SHDKQ®{l.C ~RCK¥*¥)/Cx%2
XSN= 35, 02835(XS)

NXS= XSN
N= 3 + NXS
SYS= 7,0
XFS= 1,0
DKN= 1,C

DC 40 KN=1,N
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1C

C #**
C *3»

2C

25

154

IF (ABS{XPS ) LT.1.0F-12.8NC.KN,NEL L) GO TO 50

XPS= XPS3XS

DKN= DKN ¢ 2.0

SXS- SXS + XPS/DKN

RE= (RO + [CR)I*(CKE(SKC + SKA + UKSRSHRRM - SES) - 4. I%RCKESHDK*
X SXSH¥/0

RETLRN

CCNIC CIRCUMFEREANTIAL CCMPUNENT WHEN PATH DISTANCE 1S A VERY

SMALL FRACTICN CF THE CISTANCE TO THE CONE VERTEX.

DRR= DR/RC

RE = (1.0 ¢ DRR)/(1.0 + C.5%CRR*(1.0 - C,25%DRR#(1.C - 0.5%DRR=*
X (1.0 = 0,625%DRR))) )*CS*SKA*SR

RETLRN

DR = 0,0

RE = 0.0

RETLRN

ENE

FUNCTICN SRS(ANG)
SERIES FOR (SIN(ANG))/ANG WHEN THE MAGNITUDE OF ANG IS LESS
THAN Pl/4
IF (ABS(ANG)}.LT.1.0E-C5) GC TO 10
AC = ANG*=*?
SRS = 100 - AQ/é.C*(l.C - QQIZ0.0*(I.O - RQ/4Z.0‘(1.0 - .017200,,’
RETURN
SRS = 1.0
RETLRN
ENC

SURRCUTINE TANKAP(RO,CR,RE,TK)
CALCULATION OF THE SLOPE OF THE CONSTANT ANGLE PATH BETWEEN
TWO POINTS IN CONIC RACIUS AND EPSILON COORDINATES
R = OR/RO
IF (ABS{R).LT.0.1) GC TC 20
TK = RE/{(RQ ¢ DR)*ALCC(1.0 + R))
RETLRN
SUM = 1,0
IF (ABS(R).GT.1.0E-08) CC TO 25
IF (ABS(DR/RE).GT.1.0E-0€) GC TO 35
TK = 1.,0E+08

RETLRN

PRCC = 1.0

CN = 8,0/ (~ALCGLO(ABS(R)))
NT = DN

DC 2% 1=1,NT

N =14+1

Ch = #

PRCL = -PRCL*R

SLVM = SUM + PROD/DN

TK = RE/((RG + CR)I*R*SUM)
RETLRN
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SULBRCUTINE RPLINT(RO,CR,RELTK,DR?)

THIS SUBRCUTINE CALCULATES THE CONIC RACIAL CNORDINATE AT THE
INTERSECTICN CF PERPEACICULAR CONSTANT ANGLE LINES FROM Twd KNOWN
FCINTS (N A CCNEe. THE LINE THRUUGH THE REFERENCE PCINT HAS TH:S
[INPLT SLAPE TK,

R = DR/RC
= SQRT(1.0/(1.0 + Tx*%2))
SK = TKeCK
IF (ABS(R),,LT.0.,01) CC TC 20
DRP = RCH*(EXP((RE#*SK/(RC + CR) + ALOG{l.~ + RI®CK)*CK) - 1,0}
RETLRN

C = (RE#SK/(RC 4 CR) + R¥{1,0 - 0,5%R*(1.0 -~ 0.66666667%R*(1.0 -

X Q.75%R) ) )$CK)*CK

DRP = C

CS = DRP*(1.0 - C.5%*CRP#(1.0 -~ 0.66666667%DRP*(1.0 - C.75%*DRP}Y))
IF (ABSHICS - C)/CY.LT.1.0E-06) GC TC 40

DRP = DRP2C/C(CS

6E TC 30

DRP = DRP*R(C

RETLRN

ENC

SUBRCUTINE TRAN(KELTE,TM,KT4,RT,RE4DS)

THIS SUBRCUTINE CALCULLATES THE HLADE ELEMENT SURFACE CURVE
TRANSETICN PCINT CCORCINATES FROM THE INTERSECTION OF THE
ESTABLISHEC SURFACE CURVF OVER THE MAXIMUM THICKNESS POINT WITH A
PATH PFRPENCICULAR TC THE CENTERLINE AT THE TRANSITION POINT.

REAL KE, KIS, KM, KT, KTC, KTS

CCVMMON /PLACES/
AMACH, ACC, A1S0AS, A1SCAl, BINC, CALP, CCC, CEPE, CGBL, CHORD,
CINC, CKTC, CKTS, Cl, C2, DKAPPA, GRCE, DRCGI, DRCMST, DRCMT,
crRcct, CRCT, CKRCTIL, CR1, CSME, CSMT, 1DSOI, DSOT, DSSEs OST, DSTI,
EvT, Fl, F2, CBL, ICL, IGC, IPASS, KIS, KM, KTC, KTS, P, PFLOS,
RCC, RCM, RCMS, RCT, RC1l, RECGI, REE, REMT, RET, RETI, RMSJ, RTRC

€yR1, RIC, RZ, SAL®, SEPE, SGAM, SGRL, SJ, SKTC, SKTS, SLJO, T,
7 VEPE, TGBLL, THC, THLE, THMAX, THTE, TKTN, TLS, WCl, YBl, Y82, IM

1C

CST = TV = (TM - TE)S(CSMT/CSMF) %%
0SS = DST*(KM ~ KYC) - CSMT

CS = (KE - KM)/DSSE

CK = CS*DSS

CALL EPSLCN(KM,CKyRCMS,CSS,BRCS,RES)
BRCT = CRCMST + CRCS

R7T = RCMS + ORCS

RET = RES + QUSEMT

CALL TANKAP(RCT,URCT,RET,TK)

TXC = (TK - TKIN}/(1.{ + TK*TKTN)

IF (ABS(DST*TKD).LT.1.3E-06) GC TO 20
OST = RET/{CKTC - SKTC*TKD)

DSS = DSS + CSTHTXORSCRT(1.C + TKD*%2)/(1.0 -(DK +KM ~KTC)*%2/2,0)
GC TC 17

KT = KM + Ck

RE = RT#RETI/RCY + RET

DS = DSS - LSSE

[F (CSSELCT. ,C) LS = -pS

HKTS = KT/2,7
SFKTS = HKTS#SRS(HKTS)

WD NN N

O DN PN -




SHKTSQ = SHKTS#8?2

CHKTS = SCaTii,3 - SHKT
SKTS = 2.0%5kKTS*CHKTS
CKTS = 1.0 - 2,08SHXTSQ
RETLRN

ENC

[
Dwi

SUBROUTINE SHRF(KE fKMM, SKM,CKM RN yNRC , TE,EMS, DSS)
THIS SUBRRNMUTINE CALCULATES THE BLADE ELEMENT SURFACE CURVE

END POINT CN3DINATES. THE SURFACE CURVE IS NORMAL TO THE END
PINT THICKMESS PATH AND TANGENT TO A SURFACE RFFFRENCE POINT
WHICH IS FTITHER THE TRANSITION OR MAXIMUM THICKNESS POINT,

RFAL KE, KEl, KIS, KM, KM, KTC, KTS

CAMMON /BLADES/
1 AMACH, ANC, A1SOAS, A1SOAL, RINC, CALP, CCCy CEPE, CGBL, CHORD,
2 CINC, CKTC, CKXTS, Cly C2y DKAPPA, DRCE, DRCGI, DRCMST, DRCMT,
3 NRCDI, DRCT, CRCTI, NR1l, DSME, NSMT, DSCI, ISOT, DSSE,y OST, OSTI,
[ E\QT' Fly FZQ GBL' l:L, IGO! IPASS' KIS' K"l KYCO KYS' P' P‘Los'
S RCGy RCM, RCMS, RCT, RDl, RECGI, REE, REMT, RET, RETI, RMSJ, RTRC
6yR1ly R1C, R2, SALP, SEPE, SGAM, SGRL, SJy SKTC, SKTS, SLJD, T,
7 TEPE, TGALL, THD, THLS, THWAX, THTE, TKTN, TLS, WCl, YBl, YB2, IM
RMS = RO ~ NAC

IT =1

CALL EPSLON(KE ¢ 1.570796340.09R0,TE,NRCEHREE)

NRCS = CRC + DRCE

NK = KE = KMv

HNOK = CK/2.0

SR = SRS{KNK)

SHDK FDK SR

CHIK SQFT(1.0 = SHOK*%*2)

NSS = BPCS/ISR*(CHDK®C KM = SHDK®SKM))

CALL EPSLNMIKMM,NKRMS,DSSyNRC SyRES)

DFE = (RO + NKCE)*EMS ¢ RES - REE

IF (ABSICRE}.LT.1.0F=-06) RETURN

1F (IT.E0.2) 60 TO 20

Kkl = KE
‘£l = CFE
Sz KF = 2,0%CPER(CKME( 1,0 =2,0%SHDK*%*2) =2, 0% SKM* SHDK*CHDK) /0SS

= 2

QD NPAL WN -

T
50 1710

<E = KE + (Kt ]l = KEI®*ODKEZ(DRE = DREL)
6N IO 10

aY)

SLRRCUTINE CHAN
C s#» CALCLLATICN LF CHANAEL AREA TO CHOXF AREA
REAL INCy ¥IC, KIP, KIS, KM, KCCy KOP, KOS, KP, KS, KTC, KTP,
1 KT¢,y, KwC, MACLF
CCMMON /VECTOR/
1 PETAS{1,21), OMATL(1), "LADFS(1l), CHOKE(1l), CHORDA(1), CHORDB(1),
2 CHCRDC(1), CPCCUE), CEVIL,21)y IDEV(1), IGEN(1), TINC(1),

NP WUN




C *9»

250

r 1y
27¢

272
275

ILCSstl), IMAX(1), ENC(1,21), ISTNC2), ITRANS(1), NOPT(1),
AXCUT(1), PHI(1,21)y PC(2+21)y R(2,21)y RBHUBI(L1), ROBTIP(1},
SLCPE(2,21)y SOLIC(Y), TALE(1), TAMAX({1), TATt(1l), TBLE(1),
TBFMAX(1), TBTE(L), TCLE(l), TCMAX(l), TCVTE{(1), TOLE{(1l), TDMAX(L),
TCTE(L1), TILT(1}, TC(2,21), TRANS(1,21), VTH(2,21), VI(2,21),
1(2,21), 7BHUB(1), ZETIP(1), ZMAX(1,21)

CCPVFON /SCALAR/

1 BEYA, CP, CPH2, CPH3, CPH4, CPHS, CPH&, CPP3, (PP4, CPPS, (PP6,

2 CP1, Cv, CCP, DF, DKC, LHCI, DLOSC, G, GAMMA, GJ, GJ2, GR1l, GR2,
3 GR3, GR4, GRS, H, I, ICCNV, ICOUNT, IERRQOR, [IN, IPR, IRCTOR, IR,

4 IRCW, [TER, IW, J, J¥, MACH, NAB, NBROWS, NHUB,NROTOR,NSTN,NSTRM,

S NTIP, NTUBES, OMEGA, Pl, POAl, PR, RADIAN, RF, RG, ROT,TL,TOAl,TU
CCPMMCN

1 BETAL(21), BETAZ2(21), CCSA(21), COSL(21)y DKLE(1,21), DL(21),

2 GAPM(21), QBAR(21), RELM(21), RPR1(21), REL(21)y RE2(21),

3 RE2(21), RE4(21)y RES(21), RVTH(21), SINA(Z1), SINL(21), SLOS(21}

49SCNIC(L21), THETAP(21,13), TFETAS(21,13), TRELL1(21), TSTAT(21),

5 VMi21), VTSQ(21), XPBBAR(1,21)s YBAR(1l,21), IP(21,13), 2S(21,13)
CCMPON /EQUIV/

1 CFE(21), CHK(21), COSA2(21), FSM(21), KIC(21), KOC(21), RCA(21),

2 REC(2,21), RPTE(2,21), SINA2{(21), SKIC(21), SKOC(21), TALP(21),

3 TCA(21)y TECE24,21)y TGBI(21),TTRP(21),TTRS(21),YCCLE(25),YCCTE(25)

49 ICCLE(25), ZCCTE(25), ZCDA(21), ZEC(2,21), ZTRP(21), ZTRS(21)
CCPMON /BLACES/

1 AvBCH, ACC, A1SOAS, A1SCAl, BINC, CALP, CCC, CEPE, CGBL, CHORD,

2 CINC, CKRTC, CKTS, Cl, C2, DKAPPA, DRCE, DRCGI, DRCMST, DRCMT,

3 CRCOl, CRCT, DRCTI, CRl, CSME, DSMT, DSOI, DSQT, DSSE, DST, OSTI,

4 E»Y, F1, F2, GBL, ICL, IGO, IPASS, KIS, KM, KTC, KTS, P, PFLOS,

5 RCGy RCM, RCMS, RCT, RC1ly RECGIl, REE, REMT, RET, RETI, RMSJ, RTRC

64Rly R1C, R2, SALP, SEPE, SGAM, SGBL, SJ, SKTC, SKTS, SLJID, T,

7 TEPE, TGBLL, THO, THLE, THMAX, THTE, TKTN, TLS, WCl, YB1l, YB2, IM
CCVMMON /MARG/

1 AL, AOAS, AOAl, CCHCRC, DAL, DACAS, OPW, DPWL, DRCLEP, DRCM,

2 CRCTPI, DRCTSI, CRCWT, CSA, DSpP, DSP1l, DSP2, DSS, DSSl, DSS2, DSW
B'EB. EHC' F, HC, ICHCKE' Klpy KL)P' KOS' Kp' KS,‘KTP, KHCy PIZ, RC!

44RCCy RCP, RCS, °CTP, RCTS, RELEP, RECI, REP, RES, RETP, RETS,

S REWYy RTR, RTRD, RTR(C, SECGRL, TCGI, TGBL, WC, ZMT

IF (1IGO.EQC.2) GC TC 31¢C

3
4
5
6
7
8

CALCULATION OF CHANNEL WICTH
ICL =1
DSw = 0.9
ORCwWC = CRCWT
REWC = REWT
RCS = RCTS
KS = KTS
CALL TANKAP(RCSyDRCWC,REWC,TK)

WC = SQRT(1.,0 + TK*%2)

IF (ABS(TK).GT.100.0) GO TC 260
WC = WC*ABS(DRCKC)

GC TC 270

WC = WC*ABS(REWC/TK)

KWC = ATAN(-1.,0/TK)

IF (REWC.GT.C.0) GO TC 275

IF (DRCWC.GT.0.,0) GO TQO 272

KwC = PI + KWC

GC TC 275

KWwC = KWC -~ PI

DK = KS + XKP = 2,0%Kw(

IF (ABS{DK).LT.0.0001) GC TO 300
IF (ICL.AT,1) GG TO 26"

ICL = 2




IF (Lk,,~T.7.23) GC 13 274
K Y = (KIS - KIS)/DsSS1
GC IC 29r
NKES = (KCS - KTS)/D5S2
DSw = DK®W( /(2.0 — DKCS*nC) + CSW
DK = DXOS*C5W
CALL CPSLOCN(KTS,DK,RCTS,CSW,CRCS,RES)
KS = KTS + pK
CRCWC = DRCWT = CRCS
RCS = RCYS + CRCS
REW. = REWT = RES*<(P/RCS
GC 1C 257
IF (CHOKE(IRNW) oEC.D0 2. ANDLICONVLNEL2]) RETURN
Ew( = REWC/RCP
DRCM = CRCLEP ¢ THLE -~ CRCWC/2.0
HC = 1.0 - DRCM#SLJD*CCHIRD/(DR1 - 2(1-1,J3)%SL4D)
ACALl = WC/wWC1*HC
F = (DSS1 + CSW)H/ESS
PLCSS = SLCS(J) - (F + {(LSPLl + OFWH)/DSPI/2.0%PFLCS
RTR = 1.7 + RTRCHCRCM*SALP*(RIC + DRCM2SALP/2.0)
RTRC = SQRT(RTR}
A15CAS = (RTR#®GR2 =-1.2 ¢+ PLCSS}/RTRQ
ACAS = aCA1%A1SOAS/ALSCAL
1F (ICHCKE.GT.1.0R.CHCKE(IROW).EQ.D.0) RETURN
IF (A0AS -~ 1.0.GFE.CHCKE(IROW).OR.IINC{IROW}.GT .3} RETURN
IF (BINCoGT.(CKLE(IRCW,J) + C.033)) RETURN

READJUSTMENT OF INCIDENCE ANGLE TO RELIEVE L.E. CHANNEL CHOKE
AT = (1.0/(1.0 + P) + CKCS*DSW/(KIC(J) ~KOC(J)))/(1.0-WC2*DKDS/2.0Q)
DSS = DSS1 + LOSW
31 LSS + (0SS - WC*(KP + EWC - KS)/2.0)*Al
Al WCHAT#(1.,0 + 2.0%A1)
01 (BT -SGRT(BI*%2 -4,0*Al*(1l.0 +CHOKE( IROW)~-AOAS)I*WC ) ) /A1+0.0C1
OIE = BINC + CI - DKLE(IROW,J) - 0.0349

LIMIT INCIDENCE ANGLE TC +2 DEG. ON L.E. OF PRESS. SURF,.
1F (ClE.6T.0.0) O = €I - CIE
CINC = 2INC + DI
[ce = 2
RETLAN
END

WonoR

C #*» FESET CF SUCTION SURFACE BLADE ANGLE AT SHOCK
SUBRCUTINE SHETA
REAL [NC, KIC, KIP, KIS, &M, KOC, KOP, KOSy KP, KSs KTC, KTP, KIS,
1 Kw(y MACH
CCMMCN SVECTCR/
PETAS (14210, BMATL(1), PLADES(l), CHOKE(1l), CHORDA(1l), CHORDB(L),
{HCRDCUL), CPCO(6), CEV(1,21), IDEVI1), IGEC(Ll), TINC(1),
TLLSS(1)y IMAX(1), INCU1,21), ISTN(2), ITRANS(1l), NOPT(1),
AXCUT (1), PHI(1,21), PUO(2421)y R(2,21), RBHUB(1), RBTIP(1),
SLAPE(2,21)y SOLIDE1), TALEC1), TAMAX{(1l), TATE(1l), TBLE(L},
ToMAX(1), TBTE(1), VTCLE(1l), TCMAX(1l), TCTE{Ll), TOLE(L), TOMAX(Ll},
TET7(1)y YILT(L)y TCC2,21), TRANS(1,21)y VTH(2,21)y VI(2,21),
2Py l)y ZEHUBLL)Y, 2BTIF(L), ZMAX(1,21)
COVMVEN /SCALAR/
1 RF1A, (P, LPH2, (PH3, CFH4, CPHS, CPH6, CPP3, CPP4, cPP5, CPP6,
2 4,”"1 ‘f.»l' l)(;'»’. DFy D}‘Cv [:HCI' DLCSC' G| GA"HA’ GJ' GJZ[ GRl' GRZ,

DO NOWVIUN




3¢
4%

337

329

3 GR2, GR&4, GR5¢ Hy, I, ICONV, ICOUNT, [ERROR, [IN, IPR, [RCTiéR, [R,
4 [RCW, ITER, IW, J, J¥, MACH, NAB, NBROWS, NHUBsNROTGR,NSTN,NSTRM,
5 NTIP, NTURES, OMEGA, PI, POALl, PR, RAUIAN, RF, RG, ROT,TL,TDAL,TU
CCMNMCON
1 BETAYL(21), BETA2(21), CCSA{Z1), COSL{21}, OKLE(Ll,21), DL(21),
2 GCAMM(211, CBAR(21), RFELM(21), RPR1(21), REl(21), RE2(21},
3 RE2({21), RE4(21), RES(21), RVTH{21), SINA(?1}, SINL(21)}, SLOS(21)
4,SCNIC(21), THETAP(21,13), THETAS(21,13), TRELL(21), TSTAT(21),
S VM{21), VTSQi21), XBAR(1,21), YBAR(1,21), ZP(21413), ZS5(2is13)
CCMMON /EQUIV/

1 CHC(21), CHK(21), CCSA2{21), FSM(21)s KIC(21), KOC{21), RCA(21},
2 REC(2,21), RPTE(2,21), SINA2(21), SKIC(21), SKOC(21), TALP(21),
3 TCA(21)y TEC(2,21)y TGCB(21),TTRP(21)oTTRS(21),YCCLE(25),YCCTE(25)
4,ICCLE(25), ZCCTE(25), ICDA(21), ZEC(2,21)y ZTRP(21), ZITRS(21)
CCMMON /BLADES/
1 AMACH, AQC, A1S50OAS, Al1SCAl, BINC, CALP, CCC, CEPE, CGBL, CHORD,
2 CINC, CKTC, CKTS, Cl, C2y DKAPPA, DRCE, DRCGI, DRCMST, DRCMT,
3 CRrRCOI, DRCT, DRCTI, CR1l, CS™E, DSMT, DSOIl, 0SOT, DSSE, DST, DSTI,
4 E®7, Fl, F2, GBL, ICL, IGO, IPASS, XIS, KM, KTC, KTS, P, PFLOS,
5 RCGy RCM, RCMS, RCT, RD1l, RECGIs REEy REMT, RET, .Tl, RMSJ, RTVRC
64R1, RIC, RZ2, SALP, SEPE, SGAM, SGBLs SJ, SKTC, SKTS, SLJD, T,
7 TEPE, YGBLL, THD, THLE, THMAX, YHTE, TKTN, TLS, WCl, YBl, YB2, IM
CCPMFMCN /MARG/

1 AL, AOAS, AOAl, CCHCRC, DAL, DAOAS, DPwW, DPWL, DRCLEP, DRCHM,
2 CRCYPI, CRCTSI, CRCwWT, [SA, DSP, DSP1, DSP2, DSS, DSS1, DSS2, DSW
3,E8, EWC,y, F, #C, ICHCKE, KIP, KOP, KOS, KP, KS, KTP, KWC, PI2Z2, RCI
44RCCy RCPy RCSy RCTP, RCTS, RELEP, REOI, REP, RES, RETP, RETS,
5 RERT, RTR, RTRDs RTRC, SECGPL, TCGl, TGBL, WC, ZMT

BETAS(IRCHW,J) = KS

IF (DSW.LE.LSS2) GC TC 226

[IF (JITRANS(IROW).EQ.2) TRANS(IROW,J) = 0.9

CHK(J) = 0.0

FSM(JY = 1.1

[GC = 2

RETLRN

1F (ITRANS({IROW) «NEL2) RETURN

RESET THe TRANSITICN PQINT AT THE SHOCK IMPINGEMENT POINT

IF (DSW) 337,339,338

0K = KOCtJ) - KOS

DSW = DSW/(DSS2 - THTE*DK*(1,0 + OK*DK/3,0%(1.0 + O.4%DK*0K)})

0K = DSW*(X0C(J) -~ KTC(C)

DSW = DSW*LSCT

CALL EPSLONIKTC,DK,RCTyCSWoDR,RE)

CALL RPOINT(RCIyORCTI+CRLRETI+RE,TGBLL,DR)

TRANS(IRCW,S) = CR*SECCBL + THLE

RETLRN

DK = KIS = KIC(J)

DSW = DSW/(DSSY — THLE®CK®(1,0 + DK*DK/3,0%(1.0 ¢ 0.4%DK*DK)))

DK = (KTC - KIC(J))*(1.0 + DSW)

DSW = DSTI*(1.0 + DSW)

CALL EPSLON(KIC(J)»OKyRCIoCSW,DRyRE)

CALL RPOINT(RCI,DRyREZTGPRLLyCR)

TRANS(IRCW,Jd) = CR*SECCEL + THLE

RETLRN

ENC

159
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C *%%
C *%»
5CC

SLBRCUTINE PCINTS
REAL INC, KIC, KIP, K1S, KM, KOC, XOP, KOS, KP, KS, KIC, KTP, KTS,

X KwC, MACH

CCMMCN /VECTCR/

T BETAS(le21), BMATL(1), ALADES(1), CHUKE(Ll), CHORDA(l), CHORDB(1),
CHLRDC(1), CPCORI6Y, CEVIL1,21), IDEV(L), IGEO(L), TINC(Ll),
[LCSS{1Y, IMAX{1), INCU1,21), ISTN(2), ITRANS(1)}, NOPT(1l),
AXCUTI1), PHI(1,21), PC(2,21), R(2,21), RBHUB(L)y RBTIP(1]),
SLLPE(2,21), SOLID(1), TALE(1), TVTAMAX{1l), TATE(1), TBLE(1l),
TRMAX(1l), TBTELL), TCLE(L), TCMAX(Ll), TCTE(Ll), TOLE(Ll), TOMAX(1i),
YCTE(L)y TILTC(L)y TCUZy213, TRANS(1,213y VTH{2,21}, VI(2,21),
7(2,21), IBHUB(L}, ZBTIP(1), IMAX(1,21)

CCMMON :

1 BSTAL1(21), BETA2(21), CCSA(21),y COSL(21), OKLE(1,21), DLI(21),

2 GAMM(21), CBAR(21), RELM(21), RPR1(21l), REl(21), RE2(21),

3 RE3(21), RE4(21), RES(21), RVTH(21), SINA(21), SINL(21), SLOS(21)

4,SCNICt21), THETAP(21,12), THETAS({21,13), TRELL1(21), TSTAT(2Ll},

5 yM(21), VISC(21), XBAR(1,21), YBAR(1,21)y 2P(21,13)s IS(21,13)
CCMMON FEQUIV/

1 CHC{?1), CHK(21), CCSA2(21), FSM(21}, KIC(21}), KOC(21), RCA(21]},

2 REC(2421)y RPTE(2,21), SINA2(21), SKIC(21), SKOC(21), TALP(21),

3 TCA(21), TEC(2421)y TGB{(21),TTRP(21),TTRS(21),YCCLE(25),YCCTE(25)

4,2CCLE(25), ZCCTE(25), ICDA(21), ZEC(2,21), ZTRP(21), ITRS(21)
CCMMEN /PTS/ FSB(13)

CCMMCN /SCALAR/
RETA, CP, CPH2, CPH1, CPH&, CPHS, CPH&, CPP3, CPP&4, CPPS, CPP6,
cpy, Cv, CCP, C¥, DFC, EHCI, DLCSC, G, GAMMA. GJ, GJ2, GRl, GRZ,
GR2, GR4, CRS, H, 1, 1CCNV, ICOUNT, IERROR, (.N, IPR, IRGTOR, IR,
1%8Cw, ITER, IW, Jy J¥Y, MACH, NAB, NBROWS, NHUB,NROTOR,NSTN,NSTRM,
NTIP, NTLFES, GMEGA, Pl, PUOAlL, PR, RADIAN, RF, RG, ROT,TL,TOALl,TU
CCMMCN /RULALES/
AMACH, ACC, ALSNAS, AlSCAl, BINC, CALP, €CC, CEPE, CGBL, CHORD,
CINC, CKTC, CKTSy Cly C2, DKAPPA, DRCE, DRCGI, DRCMST, DRCMT,
CRCNI, DRCT, DRCTI, CR1, CSME, CSMT, DSNI, O50T, DSSE, DST, DSTI,
EvT, F1, Fi, OHL, ICL, IGC, IPASS, KIS, KM, KTC, KTS, P, PFLOS,
RCG, RCM, RCMS, RCT. RUly RECGly REE, REMT, RcT, RETI, RMSJ, RTRC

&sR1, R1C, Ry SALP, SEPE, SGAM, SGBL, SJ4y SKTC, SKTS, SLJD, T,

7 TECE, THheLL, THC, THLE, THMAX, THTE, TKTN, TLS, WCl, YBl, YB2, IM
CCWNMEN IMARGY

1 AL, ACAS, AQAl, CCHCRC, DAL, DADAS, DPW, DPWL, DRCLEP, NRCM,

2 CRCTPI, CRCTSI, CRCWT, LSA, DSP, DSPLl, DSP2, DSS, DSS1, DSS2, DSW

31,E8, FWC, F, HCy ICHCKE, KIP, KOP, KOS, KP, KS, KTP, KWC, P12, RCI

4,RCL, RCP, RCS, RCTP, RCTS, RELEP, REOI, REP, RES, RETP, RETS,

5 REWT, RTR, RTRDCy RTRQ, SECGRL, TCGI, TGRL, WC, IMT

BLADE ELEMENT SUCTICN SURFACE Z AND THETA ARRAYS REFERENCED
TC T+E RLALCE HUB STACKINC POINT
2TRSEJ) = ZCCA(J) + (LRCTSI - DRCCII*CCHORD
RTIC = R1C ¢ (URCTSI + THLE)*SALP
TTRS{JI) = RLTSZRYIC - TCA(I)Y - TGGI
JEC(EI=-isd) = ZCCA(J) - LRCCI*CCHORD
JEC(I,J) = 2CCA(J) + (CRI0I - GLRCGI)I*CCHORD
TEC(I=1,J) = «TCA(J) - TC(GI _
TEC(I,J) = RECIZ{RIC + (THLE + DRCOII®SALP) + TEC(I-1,J)
REC(I-14J) = R(I-14J) + THLE®CCHORD
REC(I,J) = K(lsJ) - THTE*CCHCRC
FST = 1SS1/LSS
BC 550 K=1,13
FS = FSB{K) - FST
If (F5.GT,".0) GC TO €20
0SS = DSSI%ES/FST
DK = (KIS - KISYI*CSS/CSS]

P

OD® NN W=




[aNaNaXal

570
5ec
600

YY)
.53
' 1Y
YY)

GC 1C 530 &2

DSS = DSS2#FS/(1e0 - kST 63

DK = (K(GS - KTS)#DS5S/055) 64

CALL FPSLON(KTSyOK,RETS, iS5, R T5,RE%) 65

2S(J,K) = ZTRS(JI) + LRCTSHCCHOKE 66

THETAS(J,K) = TTRS(J) + “FS/(RTC + DRCTS*SALP) 67

BLADE ELEMENT PRESS KE SURFACE 7 ANL THETA ARRAYS REFERENCED 68

TC THE BLACE HUB STACKINC DQINT 69

ZTRP(J) = ZCDA(J) + (ERCTIPI - LRCGI)*CCHNRD 70

RYC = RIC + (CRCTPI 4 THif j%SALP 71

TTRF(J) = RETP/RTC - TCA(I) - TCGI T2

FST = DSP1/0SP 73

DC €00 K=1,13 T4

FS = FSBI(K) - FST 75

IF (F$S.GT.C.0) GO TO 570 16

DSS = DSP1#FS/FST 77

DK = [KTP - KIP)*[CSS/CSP! 78

GC 10 580 79

DSS = DSP2#FS/(1.0 - FST) 80

DK = (KCP - KTP)*DSS/CSP2 81

CALL EPSLCN(KTP,OK,RCTP,LSS,CRCTS,RES) 82

ZP(J,K) = ZTRP(J) + DRCTS®CCHORD 83

THETAP(JI,K) = TTRP(J) + RES/(RTC + DRCTS*SALP) 84

TGB(J4) = TGaL 85

RETLRN 86

END 87

SUBROUTINE STACK 1

THIS RCUTINE FINCS THE CENTERS OF AREA OF BLADE SECTIONS 2

WHICH PASS THROUGH THE INTERSECTIONS OF THE BLADE ELEMENTS WITH 3

THE STACKING LINE., BLADE FLEMENTS ARE TRANSLATED ON THE CONE TO 4

GET THE BLACE SECTION CENTERS NEARER THE STACKING AXIS. 5

REAL INC, KIC, KIS, KV, KOC, KTC, KTS, MACH, MCA, MCT, MDA, MDT 6

CCVMNMCN /VECTOR/ 7

1 BETAS(1,21), BMATL(1), PLADES(1), CHOKE(1l), CHORDA(l), CHORDB(1l), 8
2 CHCRDC(1), CPCCHE), CEVI(1,21), IDEV(1), IGEO(1), IINC(1), 9
3 ILCSS(1),y IMAX{L1), INC(1,21), ISTN(2), ITRANS(1), NOPT(1), 10
4 NXCUT(1)y PHI(L,21), PC(2,21)y R(2,21), RBHUB(1), RBTIP(1l), 11
S SLCPE(2,21), SOULID(1), TVALE(l), TAMAX(1), TATE(1l)s TBLE(1l), 12
6 TBMAX(1), TBTE(1), TCLE(L)y TCMAX(1l), TCTE(1), TOLE(L), TDMAX(1l), 13
7 TDVE(1)y TILT(L)y TC(2,21), TRANS(1,21), VTH(2,21), VZ(2,21), 14
8 2(2,21)y ZBHUB(1l)y ZPTIP(1), IMAX(1,21) 15
CCVMMON /SCALAR/ 16

1 BETA, CP, CPH2, CPH3, (PM4, CPHS5, CPH6&, CPP3, CPP4, CPPS5, CPP6, 17
2 CPly Cv, TCP, DFy DKC, LHCI, DLOSC, G, GAMMA, GJ, GJ2, GRl, GR2, 18
3 GR3, GR4y GRSy Hy I, ICCNV, ICOUNT, IERROR, LIN, IPR, IROTOR, IR, 19
4 IRCW, ITER, IW, 4, JM, MACH, NAB, NBROWS, NHUB,NROTOR,NSTNyNSTRM, 20
5 NTIP, NTUBES, OMEGA, PI, POAl, PRy RADIAN, RF, RG, ROT,TL,TOAl,TU 21
CCMIMCN 22

1 PETAL(21), BETA2(21), CCSA(21), COSLI21), OKLE(1,21)y DL(21), 23
2 CAMM(21), CPRAR(21)y, RELM(21), RPR1(21), REL(21), RE2(21)}, 24
3 RE2(21), PE4(21),y, RES(21), RVTH(21), SINA(21), SINL(21), SLOS(21) 25
49SCNICL21), THETAP(21,13), THETAS(21,13), TRELL1(21), VTSTAT{21), 26
5 WWi21)y VTSCL21)y XPAR(1,21)y YBAR(1421)y ZP(21,13)y 2S¢(21,13) 27
COMNMOY JEGULIVY 28

1 CHEL21)y CHKLE2)), CCSA2(21), FSM(21), KIC(21), KOC(21), RCA(21), 29
2 RELE24,21), RETE(2421)y SINAD(21), SKICH21), SKOC(21), TALP(21), 30

161




20

C #*»
C *a%

24

21°¢

162

an

3 TCAL21), THC(2,21)y TCR(21),TTRP(21),TTRS(21),YCCLE(2%),YCCTEL25)
4,2CCLE(25), 7CCTE(25), ZCDAL21), ZECI2,21), JTRP(21), ITRS(21)
CCMNCON /BLALES/

AMACH, ACC, ALSCAS, A1SCAl, BINC, CALP, CCC, CEPE, CGRL, CHORD,
CINC, CKTC, (KTS, Cl, (2, DKAPPA, DRCE, DRCGI, DRCMST, DRCMT,
CRCOI, DRCY, CRCTI, CR1l, CSME, CSMT. D501, nsUY, DSSE, DST, DSTI,
EMT, Fl, F2, GBL, ICL,s IGC, IPASS, KIS, KM, KTICy, KTS, P, PFLOS,
RCG, REM, RCMS, RCT, RCly RECGI, REE, REMT, RET, RETI, RMSJ, RTRC
6,R1, RIC Rz, SALP, SEPE, SGAM, SGBL, S5J, SKTC, SKTSy SLJIC, To
7 TEPE, TGELL, THC, THLE, THMAX, THTE, TKTN, TLS, WCl, YBl, YB2, IM
CCMMON /RCUT/ AC, CCSKL, COSKU, E£4TH, 10UT, IT, NP, SINKL, SINKU,
1 CXt13), EM(1l4a), YBP(14), YBS(14), ZBP(14), Z8S(14)

ECUIVALENCE (JL,ICL)

IF (ICCNV.LT.2) WRITE (Iw,2CCO)

ICLYT = O

CC 290 J=1,NSTRM

JL = J

STC = TCA(J)SSRS(TCA(I))

XCUT = RCA({J)®SQRT(1.C - STC#*2)

IF (TALP(J).GT N,0) JL = JL - 1

IF (JL.LT.2) JL = 2

IF (JL.GT.NSTRM=2) JL = NSTRVM - 2

JLl = Jb

CC 27 K=1,13

CALL INTERP(XCUT 24K, YBS(K) ZBI(K))

TANE = (YBS(13) — YBS(1))/€Z2S(13) - ZBSI1))

CALL INTERP(XCUT,2,0,Y85(14),285(14))

TRANSLATE BLAUE SECTION COORDINATES TO THE STACKING POINT

ORICIN AND ROTATE TO LIE ALCONG THE BLADE SECTION CHORD.

CCSE = 1.C/SQRT{1.0 + TANB#*#2)

SINE = TANE®(CCSB

DZ = 2CCA(J)*COSB — RCA(J)*STCH*SINB

DY = RCA(J)*STC*CCSB + ICDA(J)*SINB

CC 24 K=1,14

YBT = Y&S(K])

W W N

YBS(K) = YRS(K)*CCSB - ZBS(K)}*SINB + DY
IRS{K) = IRS(K)*CCSB + YRT#SINB -~ DZ
IBP(1) = ZBS5(1)

YEP (1) = YBS(1)

IBP(13) = 78S(13)

YEP(13) = YBS(13)

IF (JoNEo1o.CR.ICCNV.GE.2) GO TC 28

CF (ISTA{I)eLT.0.CR.BVMATLL{IRCTOR)LE.O.O) GO TO 28
CC 26 K=2,12

YEP(K) = YBS(K)

TEP(K) = IPS(K)

CALL SPLITG(ZBS,YBSe14,AP,AXP,AYP,SP1,5P2)

JL = Jtl

0C 210 K=1,13

" CALL INTFRP(XCUT1,K,YBS(K)s2BS(K))

CALL INTERP(XCUT,140,YBS(14),28S(14))

K = la

CC 215 K=1lyla

YBY = YBS(K)

YRS(K) = YPS(K)*®COSB - ZES(K)#SINB + DY
IPS(K) = ZPS(K)*CCSR + YRVT#SINR - DZ

15?2 = IBS(13)

¥YS2 = YES(13)

CALL SPLITC(ZBS,YBSy14,AS,AXS9AYSyS51,552)
CAtL rHG“S(ISz.YS2.SS7'Z“P(1!),YBP(13),SPZ.AT.AXT.AYT,RTE;ZCTE-
X YCT»)




C *9»

C *3x»

22¢C
23C

24C

CALL EDGES(ZBS(l).YHS(l)ySSl.[R?(l),YBP(l)ySDI.AvAXoAYoQLEylEL?,
X YCLE)
A = A + AS - AP - AT

Ax = AX 4 AXS - AXP - AXT
AY = AY 4 AYS — AYP - AYT
XB = AX/A
YR = AY/A

READJUSTMENT CF XPAR, YPAR AND BLAUF EDGE LOCATION.

BZ = (XB*CCSB — YBISIAR)I/(1.C - TLS*TALP(J))

Z(I-1,9) = Z(I-1,J) - €2

Zil,J) = 2(1,J) - 02

REI-14J) = R{I-1,J) - CZ*TALP(J)

R(I4J) = RU1,J) - DZATALP(J)

OF = DZ*SCRT (1.0 + TALF(J)**2)/CHD(Y)

DY = (XB*SINB + YB#CCSB)/CHD(I)

CGBL = 1.0/SQRT(1.C + TGR1J)#%2)

SGBL = CGBL*TGB(J)

XBAR(IROM,J) = XBAR(IRCW,J) + OM*CGBL + DY*SGBL

YBAR(IRCW,J) = YBAR(IRCW,J) - DM*SGBL + DY*CGBL

IF (ICCNV.LT.2) WRITE (Iw.2010) ITER, J, BETAL(J), BETA2(J),
X SKIC(J), SKOCU(J), KIC(JS), KCCEJ}, DM, DY, SINB, Dz, A

I[F (ISTN(I).LT.0.0R.BMATL(IRCTOR)LLE.0.0) GO TO 290

IF (J.GY.1) GC TO 280

AU = A
Xt = X
MCA
MCY
MCA
MCT C.0

IF (ABS(TALP(1)).LT.0.01) GO TQ 290

TAPERED RCTOR TIP MATL, CENTRIFUGAL BENDING MOMENT CORRECTION

IPLE = ZCLE*CCSB - YCLE*SINGB

IPYE = 7CTEXCCSB - YCTE*SINE

IPL = IPLE

BDC 240 K=2,13

0z BPLK) - ZBP(K-1)

DYy YBP(K) — YBP(K~1)

O = C2*CCSR - DY*SINP

AP = (QI*SINB ¢ CYXCCS?)/D

BP = {IZBP(K)#*YRP(K-1) - ZBP{K-1)%YBP(K))/D

IF (K.HEL13) G 10 22¢C

PP = 2PTE

nd

LT}

6C TC 239
IPP = ZEP(K}#COSB - YPP(K)*SINE
IFS1 = /PP + ZPL

IPS2 = IPS1%2PP + 1PL#%2

PS3 IPS2*7ZPP + IPL %%2
TV = (XCUT + ZPSLI®TALP(1)/4,.C)%(ZPP ~ 2PL)

APT = AP2*IPS2/3,0 + BP*7IPS1/2.,0

MCA = MCA - CM*(AP#ZPS2/4.,0 + BPXIPS2/3.0)

MCA = MCA - CM#APT

MCT = MDT + CME(AP®%247PS3/8.0 + BP*(AP®ZPS2/3.0 + BP*IPS1/4,0))
MCT = MCT - CMxAPT

P = 1PP

IPL = IPLE

KL = 14

IF (78S(14),LEL2ZBS(LI3)) KL = 13
CC «7) K=2,KL

02 o 7950x) = IRS(K-1)
BY = YEL{KY - YES5(%=1])
L= 1250050 = [ys i
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170
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25¢C
2¢C

27¢C

C *%»
280

26C

C #**»

317

2CCC

164

AS - (DI%SINR + [Y2CCSR)/D

RS = (IZBSIK)#YBS(K-1) - ZBS{K=1)*YBS(K)}/D
IF (KJNF.XL) GC TC 25¢C

PP = IPTE

GC 7€ 260
IPP = IBS(X)®COSB - YES(K)*SINB
ZPS1 IFP + IPL

I1PS2 = IPS1%IPP + IPL#%%2
IPS3 = IPS2*IPP + IPL¥%2
CM = {XCLT + ZPS1#TALP(1)1/4.C)*(IPP - 1PL)

APT = AS®ZPS2/3.0 + BS%1PS1/2.0

MCA = MCA + CM®(AS*ZPS2/4.0 ¢ BS*ZIPS2/3.0)

MCA = MCA + CM*APT

MCT = MCT - CM®(AS*%2+7pP53/8.0 ¢+ BS®(AS*ZPS2/3.0 + BS®IPS1/4.0))
MCT = MCT + CMSAPY

1PL = 1PP

Cr = PI®(XCUT + JPLESTALP(1)/2.0)#IPLE*RLE**2/2.0
MCT = MOT - CMS(ICLE*SINE + YCLE*(CGSR)

MCT = MCT + Cw

MCA = MDA + CM®(ZPLE - 4, 0%RLE/(3,08P1})

MCA = MCA + (M

CFy = PI®(XCUT + IPTESTALP(1)/2.0)%IPTE*RTE®*$2/2,0
MCT = MDT - CM*(ZCTE*SINB + YCTE*COS8)

MCT = MCT + Cp

MCA = MCA ¢+ CM*(ZPTE + 4, 0%RTE/(3.,0%P1))

MCA = MCA + CM

MCA = MDA®TALP(1)

MCA = MCE*TALP(1)#(XCLT — RCA(NSTRM))

MCT = MDT=*TALP(1)

MCA = MCAXTALP(L)*(XCLT - RCA(NSTRM))

GC YC 290

SUMMATICN FOR RCTCR MATERIAL CENTRIFUGAL BEND ING MOMENT
RVM = (XU + XCUT)/2.0

DNC = (A + AU)#RM®(RM - RCA(NSTRM))#(XU - XCUT}/2.0
MCA = WCA + DMC

MCT = MCT + DMC

AL = A

Xy = XCuTt

CCNTINUE

IF (ICCAV.GEez) RETURA
1F (lSTh(l).LT.0.0R.BPATL(lRCTGR)-LE.0.0) RETURN
CALL GASMNT(GBA.GBT)

TANE = BMATL(IRCTCR)*CMECA*%*2/(144.0%G)
TANL = -(MCA + GBA/TANE)/MCA
TANE = (GBT/TANE - MCT)I/MCT

TILT(IRCW) = ATAN(TANE)

DZ = ((RRTIP(IRCW) — REHLB(IROW))*TANL + ZBHUB (IROW) - 2BTIP(IROW)
X }/(1e0 - TANL*TALP(1))

IBTIP(IRCW) = ZBTIPLIRCW) # OZ

RETIP(IRCW) = REBTIP(IROW) + CZ*TALP(1)

READJUSTMERT CF ELACE ECGE LOCATION FOR CHANGE IN STACK LINE.

CC 210 J=1,NTUBES.

L1 =(RCA(J) - RCAINSTRM))*{TANL - TLS)/ (1.0 - TALP(J)*TANL)
I(1-1,J) = 2(1-14J) + CZ

I(1,d) = 2(1,4) ¢+ C2Z

R{1-193) = R{I-1,3) « CZ*TALP(J)

RUI44) = R{I,J) + DZ*TALPLY)

RETLRN

FCRVMAY (/77 1X.4thER,BX.IFJ.QX,BHRETAI(J).3X.BHBETA2(J!96X'

1 7PSKIC(J).4X,7HSKOC(J).4X,6F\IC(J).SX,bHKOC(J).7X,2HDM.9X,2HDY'
? AX,4HSINR,HX,2HDZ 410X, 2FA /)
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C *4%
C #*

1C

2¢

FCRMAT (1X,13,2Xy13,F12.6,5F11.692F11.74F11e6sF11.7,F11.6)
ENC

SLARCUTINE INTERPUXC, ISURF,K,YC, 20
FOR A SIVEN X (BLACE SECTION) THIS ROUTINE FINDS BLADE SURF.

CARTESIAN CUORCINATES, Y AND Z, AT A GIVEN K (FRACTINN OF ALADFE
ELENMEMT SURFACE DISTANCE), THIS IS OONE BY INTERPOLATIAN FROM
PIECEWISE CUBIC FITS CF APPRCPRIATE BLADE ELEMENT SURFACE CONRD.
INTERPOLATIUNS ARE RETWEEN THE 2 INNERMOST CUBIC POINTS WHENEVER
FCSSIBLE.

REAL XIC, KIS, KM, KCC, KTC, KTS, MACH

CCMNFCN /SCALAR/

1 BETA, CP, CPH2, CPH3, CPH4, CPHS5, CPH6, CPP3, CPP4, CPP5, CPP6,

2 cPl, CV, CCP, OF, DHC, [HCI, DLOSC, G, GAMMA, GJ, GJ2, GRl, GRZ,
3 GR2, GR4, GRS, Hy I, ICCNV, ICOUNT, IERROR, IIN, IPR, IROTOR, IRy
4 IRCW, ITE?, IWs Js JM, MACH, NAB, NBROWS, NHUB,NROTOR,NSTNsNSTRM,
s NTIP, NTURES, OMEGA, PI, PCAl, PR, RADIAN, RF, RG, ROT,TL,TOAL,TU
CCMMON

1 BETAL(21), BETA2(21), CCSA(21), COSLI21), OKLE(1,21), DL{21),

2 GAPM(21), CBAR(21), RELPE21), RPR1{21), REL(21), REZ2(21),

3 RE3I(21), REG(Z1), RES(2[), RVTH{21), SINA(21), SINL(21), SLOS(21)
4,SCNICL21), THETAP(21,12)y THETAS(21,13), TREL1(21), TSTAT(21),

5 V{21, VISC(21), XBAR(1,7f), YBSAR(1,21), ZP(21,13), ZI5(21,13)
CCMMCN JECQUIV/

1 CHCI(21), CHK{21), CCSA2(21), FSM(21), KIC(21), KOC(21), RCA(21),
2 REC(2,21), RPTE(2,21), SINA2(21), SKIC(21), SKOC(21), TVALP(21),

3 TCA(21)y TEC(2,21), TCB{21)4TTRP(21),TTRS(21),YCCLE(25),YCCTE(25)
4,7CCLE(25), ZCCTE(25), ICCA(21), ZEC(2421)s ZTRP(21), 2TRS(21)
CCMMCN /BLACES/

1 AMACH, ACC, A1SCAS, A1SCAl, BINC, CALP, CCC, CEPE, CGBL, CHORD,
2 CINC, CKTC, CKTS, Cl, CZ, DKAPPA, DRCE, DRCGL, DRCMST, DRCMT,

3 CRCCI, CRCT, CRCTI, CR1, CSME, CSMT, OSOI, DsSOT, DSSE, DST, DSTI,
4 EFMT, Fl, F2, GEL, ICL, IGC, IPASS, KIS, KM, KTC, KTS, P, PFLOS,

5 RCG, RC™, RCMS, RCT, RC1l, RECGI, REE, REMT, RET, RETI, RMSJ, RTRC
64R1, R1C, 72, SALP, SEPE, SGAM, SGBL, SJs SKTC, SKTS, SLJD, Ty
7 T1EPE, TGHELL, THD, THLE, THMAX, THTE, TKTN, TLS, WCl, YBl, YB2Z, M
CCMMCN JLCCATE/ XXy X1y X249 X3, X4

EQUIVALENCF (L, 1CL)

IF (ISURF,.FL.2) GC TC 4C

IF (K.EC.D) GL YC 0

CARTESIAN CCCRDINATES OF THE SUCTION SURFACE BLADE ELEMENT

PCINTS USEL FLR INTERPCLATION,

R2 = RCA{JL) + (ZISUJL,K) — ZCDA(IL)II*TALP(IL)

ST2 = THETAS(JL KIASRE(THETAS(IL,K))

X2 = R2*SCPT(L.0 - STZ#%2)

IF (X2.GE.XL) GL TC 2¢€

IF (JL.EC.2) CGC TC 20

JL = JL -1

GC TC 17

R2 = RCA(JL#1) + (ZS(JL+iyK) = ZCCA(IL*L))I*TALP(JIL*])

ST3 = THETAS(JL4L,K) #SRS{THETAS(JL+1,K))

X2 = R3ESCUT(Lle0 - ST2%%2)

1IF ( »3.LT,XC) GO TO 2%

IF (JLJENWANSTRM = 2) CC TO 37
JL = JL + 1

R2 = r3

ST2 = ST3

214
215
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3C

4C
'3
9

50

60

'L
%
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e

90

X2 = X3

GC iC 73

R1 = RCA{JL-1) + (ZS0JL-1,K) - 2C0atdL-1))rsiLP(JIL-1)
STEL = THETASL{JL=-1,X) #SRSUTHFETAS(IL-1,K))

21 2 IStJIL~14K)

22 = IS(JL,K)

2 = IS(JL+]l,K)

R4 = RCATJL+2) + (ZIS{JL+2,K) ~ ZCDA(JSL+2))*TALP{JIL+2)

ST4 = THETAS{JL+2,K)*SRSITHZTAS(JL+2,K))
24 = IS(JL+2,K)
GC IC 130
IF (K.EC.Q) GC TC 10¢C
CARTESIAN CCCRDINATES OF THE PRESSURE SURFACE BLADE ELEMENT
PCINTS USED FUR INTERPCLATICN,
R2 = RCA{JL) ¢ (ZIP(JL,K) - ZCCA(JIL)I*TALP(JL)
ST2 = THETAPLJIL KI*SRSITHFETAP(JL,K))
X2 = R2#%SCRT(1,0 — ST2**2)
IF (X2.GE.%XC) GO TC 5C
IfF tJL.EQ.2) GC TC 5C
JL = JL - 1
GC TC «C
R3 = RCA(JL+1) + (ZP{JL+14K) - ZCCA(JIL+1))*TALP(IL+])
ST3 = THEVAP(JL41,K)*SRSITHETAP(JIL*1,K)})
X3 = R3I*SCRT (1,0 - ST2s%2)
IF ( X3.LT.XC) 6C TO €0
IF (JLLEQJ.NSTR™ - 2) CC TO 6C
JL = JL + 1
R2 = R3

$T2 = S713
X2 = X3
GC TC 50

R1 = RCA(JIL-1) + (ZP(JL-1,K) ~ ZCOA(JIL-1))=TALP(JIL-1)
STl = THETAP(JUL-1,K)#SRS(THETAP(JIL-1,K)}

21 = IP(JL-1,K)

12 = IP(JL,K)

13 = IP(JL+1,K)

R4 = RCACJL+2) + {IPLJL+2,K) — ZCDA(JIL+2))*TALP(JL+2)

ST4 = THETAP(JL+2,K) *#SRS{THETAP(JL+2,K))
14 = IP(JL+2,4yK)
GC TC 130
CARTESIAN CCORDINATES OF THE SUCTION SURFACE BLADE ELEMENT
TRANSITICN PCINTS USEC FCR INTERPOLATION
R2 = RCA(JL) + (ZTRSUJL) - ZCDA(JIL)I)I%TALP(JL)
$Y2 = TTRS{JLI*SRSITTRS(IL))
X2 = RZ2*SQRT(1.0 - ST2%%2)
1F (X2.GE.XC) GC TC 8C
[F (JL.EQ.2) GO TO 8C
JL o= JL - 1
GC TC 70
R2 = RCAUJL+1) + (ZTRS(JL+1) ~ ZCOA(JIL+1))I®RTALP(JIL+1)
ST3 = TTRS(JL+1)2*SRS(TTRS(JIL+L))
X2 = R3*SCRT (1,0 - ST2»%2)
IF (X3.LT.XC) GO TO SC
IF (JL.EQ.NSTRM-2) GC TO 90
JL = JL + 1
R2 = R3

ST2 = ST3
X2 = X3
GC TC Al

R1 = RCA(JL-1) + (ZTRS(JL-1) - ZCCA(JIL-1))*TALP(JL-1)
STL = TTIPS{IL=1)%SRS{TTRS{JL-1))

106
107
108
109
110
111
112
113
114
115




C *%x
C #»

iCe

11C

120

13¢

71 = ZTRS(JL-1)

72 = ZTRSCJLY

23 = ZTRS(JL+1)

R4 = RCA(JL+2) + (ZTRS{JL+2) = ZCOA(JL+2))*TALP(IL+2)

ST4 = TTRS(JL+2I*SRSITTRS(JL+2))
24 = ITRS(JL+2)
Gf 1C 130

CARTESIAN CCORDINATES OF THE PRESSURE SURFACE BLADE ELEMENT

TRANSITICN PCINTS USEC FUR INTERPOLATION

R2 = RCA(JL) + (ZTRP(JL) — ZCDA(JLII*TALP(JIL)
ST2 = TTRP(JL)®SRSITTRP(JIL))

X2 = R2#SCRT(1.0 — ST2#%2)

IF (X2.GE.XC) GC TC 11C

IF (JL.EQ.2) GO TO 11C€

JL = Jt - 1

GC 1C 100

R3 = RCA(JL+1) + (ZTRP(JL+1l) - ICDALJIL+1))*TALP(JL+1)
ST3 = TTRP(JL+1)SSRS(TTRP(IL+1))

X3 = R3#SCRT(1.0 - ST2%%2)

IF (X3.LT.XC) GC TO 120

IF (JL.EQ.NSTRM-2) GC TO 120

Jt = JL ¢+ 1

R2 = R3

S12 = ST13
x2 = X3
GC 1C 110

R1 = RCA(JL-1) & (ZTRP(JL-1} - ZCOA(IL-1))*TALPEIL-1)
STL = TTRP(JL-1)*SRSITTRP(IL-1))

21 = ZTRP{JL-1)

12 = ITRP{JL)

13 = ZTRP(JIL+]1)

R4 = RCA(JIL+2) ¢+ (ZTRP(JL+2) -~ ICDA(IL+2) )*TALP(JL+2)
ST4 = TTRP(JL+2)%SRS(TTRP(JIL+2))

14 = LITRP(JL+2)

X1 = R1#SCRT{1.0 ~ ST1#**2) - X2

Y1 = R1%*ST1

Y2 = R2%S72

Y3 = R3%ST?

X4 = RGeSCRT(1.0 ~ ST4*x2) - X2

Y4 = R4xST4

X2 = X3 - X2

xx = XC - X2

TT = (Y3 = Y2)/X3

T2 = (({Yl - Y2)/%X1 = T1)/(X1 - X3)

C4 = (T2 = (TL = (Y& - Y2)/X4)/(X3 - X4)) /(X1 - X&)
C3 = T2 - Cas(Xl + X3)

C2 = T1 = (C3 + CA*X3)%2X3

YC = Y2 + XX%{C2 + XX*(C2 + XX*C4))

TL = (23 - 12)/X3

T2 = ((71 = Z2V/X1 = T1)/(X1 - X3}

Cé = (T2 - (T} - (l& - 12)/X4)/7(X3 = X4))/(X1 - X&)
C3 = T2 - Ca*(XxX1l + X3)

C2 = Tl - (C3 ¢ C4*X3)*X3

7C - 12 + XX#{C2 + XX*(C2 + XX*C4))

RETLRN

ENEG
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SLBRCUTINE SPLITGUX, YoNy A AX ,AY,S1,37)

THIS RCOUTINE INTEGRATES UNLER A CUBIC SPLINE FIT OF BLADE
SECTION SURFACE CCCRCIMATES. THF END POINT CURVATURES ARI SET
ECUAL TC THe NEXT POINT CURVATURE AS DETERMIN.D FROM A CIRCULAR
ARC FIT OF TKE 3 ENC FCINTS. SLOPE BUT NOT CURVATURE 'S
CONTINUCUS AT THE TRANSITION PCINT. THE CURVE FIT IS USED TO GET
AREA, XBAR, AND YRAR.

CCMMON /RCUT/  AC, CCSKL, COSKU, EMTM, 10UT, IT, NP, SINKL, SINKU,

1 CX(13), EM(14), YBP(14), YBS(14), ZBF{14}., 18S(14)

ODIMENSICN H(14), X(i4), Y(N)
CALL ARCS(X(1)yX(2)y X(3), Y(1), Y(2), Y(3), FL1,D1)
CALL ARCSUX{N-1),~(N-2,, XK(N=3)9gY(N-1)y YIN~2),YIN~3),F2,01)
LOCATE TRANSITICMN PCINT IN THE AL, AY OF SUKFACE POINTS,
N
N -3
1.0 + FLOATINFI®{X(N) - X{1)I/ZER{N=-1Y - X{1))
[
IF {X(N).GE.X(IT)) GC TC 20
IT = IT - 1
GC YC 10
IF (X{NJ.LE.X{IT+1)) €cC TO 30
IT = IT + 1
GC 10 20
FXI = (X(N) = XCIT))/Z(XCIT+1) - XCIT))
IF (FXT.LT.C.1) GC TC 60
IF (FX1.G67.0.9) GO TC 50
PLACE TRANSITION POINT IN THE ARRAY.

NP

o
oy
uouwoNon

XT = X{N)
YT = Y(N)
NI =N - IT -1
AN = N + 1
DC 40 I=1,NI
Il = NN - |
X(I1) = x(ri-1)
YUIE) = Y(I1-1)
Il = N - NI
X{ryy = xv
Yerrmn = vy
IT = IT + 1
GC TC 710
IT =17 + 1
NP = N - ]
SOLVE FCR SECOND CERIVATIVE VALUES AT TME SURFACE ARRAY POINTS.

OX(1) = X(2) - x(1)

DS = (Y(2) - Y(1))/DX(1)

EM(1) = -F1

H(1) = 0.C

IF (IT.EQ.2) GO TC 9¢C

ITv = 17 - 1

BC 80 1=2,I1Tm

0sSt = oS

OX{I) = X(I+1) - X(])

DS = (Y(I+1) = Y(I))/CXLI)

O = 2,0%(1.0 + DXCIV/CX(I~1)) - EM(I-1)
EMULY = DXCLD/(C*DX(]-1))

HUI) = (6,0%(CS - DSLI/CX(I-1) = H(I-1))/0
CV = {DS - LSLIZICXUITM) + DX(ITM=1))
NC = NP - 1

CX(NC) = X{AP) - X{NF)

€S2 = (Y(NP) - Y(NC))/CX(NC)

ENM(NP) = -Fy

O XN NL WN




1C0

110
120

13C

15C

16C
170

18C
16C

220
23¢C

24C

HINP) = 0.0

IF (IT.EGCLNC) GC TC 110

ITP = NC ~ IT

DC 100 [B=1,ITP

I = NO - 1B

pDsSLZ = D32

DX(I) = X(I+1) - X(1)

DS2 = €(y(l+1)Y - Y(D))/CX(I)

o= 2,0%(1.0 ¢+ CX(D)/CXUI+L)) — EM(I+2)

EM(TI41) = Cx(IY/(C*DX(I¢1);

H{I+1) = (6.0%(0SL2 - CSZ)/CX(I+1) - H{I1+42)} /0

CP = (DSL2 ~ LS2)/(DX(1T+1) + OX(IT))

IF (IT.LEL2) GC TC 11C

IF (CM.EQ.C.") GC TO 13C

C = CP/CM{ (1.0 + ((CSL2*DX(IT) + DS2*DX(IT+1))/7{DX(IT) +

X CXCIT+#1)))%%2)/(1,0 + ((DS*DX(ITM-1) + DSLEDX({ITM))}/Z{DX(ITM) +
X CX(ITHM=1)))*%2))%*] .5

€C = C/(ABS(C))*»0,3

GC 1C 129

C = 1.0

EFTF = (6.0%(0S2 - DSH/CXCIT-1) = HUIT-1) — HOIT+1)*DXUIT}/
X CX(IT-13)/02.0 - EM(IT-1) + (2.0 - EMEIT+1))*DXCITI/OX(IT-1)%()
ENTP = ENTM=E(C

GC TC 150

EVTF = 0.0

EMTP = (6.0%t0S2 - OS)/0XCET-1) = HOIT-1) - HOET+1)8DX(IT)/
X CXCIT-1)3/7¢12.0 - EvCIT+1))sDX(ITY/DX(IT-1))

EM(IT) = EvMTM

1F (IT.EQ.2) GC TC 170

It = 17 - 2

DC 160 IB = 1,1TM

1 = IT - I8

Ertl) H{I) — EM(I)}*EM(]+])}

EVM(L) EVM(2)%F]

ENM(IT) = EMTP

IF (IT.EQ.NO) GC TC 16C

18 = 1T + 1}

CC 180 I=1E,NC

EF(I) = H{T) - EM(I)=EM(I-1)

ENM(ANP) = EM(NC)I*F2

(1]

S1 = (Y(2) - Y(1))/DX(1) — DX{1)*(2.,0%EM(]1) + €EM(2))/6.0

§2 = {Y(NP) -~ Y(NO))/CX(NO) + DX(NG)I*(2,0%EMINP) + EMINO))/6.0
A = C.0

Ax = 0.0

AY = 0,0

CC 240 I=1,AC

ENML = EML])

IfF (IT,EC.I+1) GO YO z2C
EMU = ENM(]1+1)

GC TC 230
EvL = ENTV
A= A + (Y(I) + Y(I+1) — (EMU &+ EML)*DX(1)*%2/12,0)%0X(1}/2.0

DX(I1)*#2/6C.0

AX = AX + (Y(I+#1)#(2.Cax(1+41) + X(I)) + Y{I)®(X(I+1l) + 2.0*X(])) -
X CXSH(ENMUR(B,0%XCI+41) + T,2%X(I)) + EMLH(T.0%X(I+41) ¢+ B,0%xX(1))))*
X Cx(I)/6.0

AY = AY 4 (Y(I+1)%%2 + Y(I)®(Y(I+1) ¢ YCI)) - DXS*((8,0%(Y([+1)%

X EML 4+ YCLI®ENML) ¢ T, Cs(Y(I+1)#EML + Y(ID®EMU)) -~ (15.,0%(EMU**2 +
X EvL#%2) + 31,C*EMURENL)IOXS/T.0))*DX(1)/6.0

CCATINUE

RETLRN

ENC

116

120
121
122
123

169
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3




f *xx

THES RCUTINE MAKSS A CIRCULAR ARC FIT OF 3 POINTS TO FIND
SLCFES AT THF PCINTS. THESE ARt USEC TO DETFRMINE SPLINE END
FCINT FACTORS FUR THE SECUND GFRIVATIVE TERMS WHICH KEEP THE
CLRVATURE CONSTANT FOR THE END POINTS,

SURRCUTINE ARCSIX1,X2,:X3,Y1,Y2,Y3,F,¥YN1)

Dx1 = %2 - x1

X2 Xy - x?

[BA S M

Cy2 = v3 - y2

Cxvyl = [ Xi# vy

LXY?2 FX2eLy]

Oxxx = UIXI®LAZ2#%(X3 - Xx1)

Dyvyy EY1*xLY2%(Y3 - Y])

YEL = (CYYY - DXYL*DX1 + DXY2%(OX1 + X3 - X1))}/(DXXX + DXYL*(DYl +

X Y3 - Y1) - CXY2#0Yl)

YC2 = (LyYY + OXYL1#DX1 + DXY2#DX2)/(0XXX + DXY1l*DY2 + DXY2#DYl)
Fo= ((1.0 + YUL#22)/ (1.0 + YL2%%2))%%1.5

RETLRN

ENC

THIS 0TI FINDS THE RLAOE SECTINN ARC A ANND MIMENT

€ *&% aPOIT[FPS CF A PLANE {DGS CISCLE.
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C *%3%

@~ NS N

1
2
3

SLERCUTINE CASMNTIGBA,CBT)
CALCULATICN CF RCTCR GAS BENDING MOMENTS ABCUT HUB STACK Pr,

REAL INC, MACH

CCMVMON /VECTOR/
BETAS(1,211, BMATL(1), BLADES(L), CHOKE(1), CHORUDA(L), CHORDBILL),
CHCRDC(1), CPCC(E)y CEVI1,421), IDEV(1), IGEC(L), TINCIL),
1LCSSE1Y, IMAX{l), INC(1,21), ISTN(2), ITRANS(1), NOPT(1l),
AXCUT(LY, PHI(1,21), PC(2,21), R(2,21), RBHUB(1), RBTIO(1),
SLCPE(2,210y SCLID(I), TALEUL), TAMAX({1), TATE(L), TBLE(L),
TRMAX(1), TBTE(1), TCLE(LI}, TCMAX(1), TCTE(1), TOLE(L), TDMAX(L},
TCTF(1)Y, TILT(L), TCU2421), TRANS( 1,210, VIH(2,21)y VIL2,21),
1(2,21), ZuHUB(l), ZBTIPLL1), IMAX(1,21)

CCMFON /SCALAR/
RETA, CP, CPH2, CPH3, C(PH4, CPHS5, CPH6, CPP3, CPP4&, CPP5, CPP6y
cel, CV, LCP, DF, DHC, LHC1, DLOSCs G, GAMMA, GJ, GJ2,» GRl, GR2,
GR2, fR&, GRS, Hy I, ICCNV, ICOUNT, IERROR, I[IN, IPR, IRQTOR, IR,

4 [RCwW, ITER, IWs Jy JIM, MACH, NAB, NBROWS, NHUB ¢ NROTOR, NSTN,NSTRM,

5

X

X

x
1

X

ATIP, NTUBES, OMEGA, Pl, POAl, PR, RAOIAN, RF, RG, ROT,TL,TOAL,TU

RES = 2.M*RBHUB(IROW)

GR1 = 0.0

Ge2 = 0.0

CBVX = Qa0

GevY = G,0

HR = (VZ(I-1,1)%#2%(1.0 + SLCPE(I-1,1)%%2) + VIH(I-1,11%%2)/GJ2
To Tati-1,1)

TL = TEMPIFR)
PS1L = PCLI-1,1)/PRATICITO(I-1,1))
RyZ2nU = PSILFVZIII-1,1)#R(I-1,11/(RF2TL)

HR = (V7(1,1)%%2%(1,Q + SLCPE(I,1)%%2) ¢+ VTH(L,1)*%2)/GJ2
TL = TO(I,1)

TL = TEMP(FR)

PS2LU = PCtI,13/PRATIC(TOtI,1})

P71 PS1L

PY?2 pPsS?2u

DC 12 J=1,NTUBES

HR = (VI({I-1,J+1)*%2%(1,0 ¢+ SLOPE(I-1,J¢1)%%2) + VTH{I-1,J+1)%%2)/
CJ2

Tu = TO(I=-1,4J+1)

TL = TEMP{ER)

PS1L = PO(l-l,JOl)IPRATIC(TO(I-l.J*l))

RV L = PSlL*VZ(l-l,J*l)#R(i—l.JOl)l(RFtTL)

DFFY = (PSIU + PSLL)*(R(I-1,J)%%2 ~ R(I-1,0¢+1)%%2)

N1 = GBI + DPF1I#*(R{I-1,J4}) + R{I-14J41) - RHS)

pPSle = PSIL

HR = (V7 {lyJ4l)2#2%(1,.C + SLCPE(I,J+1)%%2) + VIH(1,J3+1)%%2)/GJ2
TLU = TO(L,J41)

TL = TEMP(FR)

PS2L = PR(1,J+1)/PRATIC(TO(I,J#41))

DPFE? = (PS?U + PS2L)*(R(I,J)*%2 - R(lsJ¢1)%%2)

GE2 = Gr2 + CPF2*(R{I,J) + R{1,441) - RHS)

pS2L = PS2L

RVA = ((R(I=-1,J) + R{I=1,J4+1) + R(I,J) # R(I,J+1))/2.0 - RHS)*

(RVZuU 4+ RVZRLI®(REI-1,J) = ROI=1,J+1))
CHVA = GRVX + (VZ(1,J) + VI(I,J+1) - VZ(I-1,J) = VZ(I-1,J+1))*RMA
GAVT = GRVT + (VTH(I,J) ¢ VIE(I,J+1) = VIH(I=1,J) = VTH({I=1,J+1))*
RMA
RYZRL = RVTKRYL

GRPA = PI*{GBVX/G + GB1 - GB2 + (PT1 ¢ PT2)*(R(I-1,1)1%%2 - R(I,1)

¥ ) (R{I-1,1) ¢+ R(I,1) - RES)/(6912.0%BLADES(IROW)))
GRT = “CRAYT#P[/(6912. #G*BLALES(IROW))
RETLRN
ENC




SUBRCUTINE MARGIN

C »3» CALC. OF LUCATION ANC VALUE OF BLADE ELEMENT MINIMUM CHCKE MARGIN

REAL KIC, KiP, KIS, KM, KOC, KOP, KQS, KP, KS, KTC, KTP, KTS, KWC,

X MACH

CCMNMON

1 BETAl(21), BETA2(21), CCSA(21), COSL(21), OKLE(1,21), DLE21),

2 GAMM(21), UBAR(21), RELM(21), RPR1(21), REL1(21)}), RE2(21),

3 RE3(21)y RE4(21), RES(21)y, RVTH(21), SINA(21), SINLI(21), SLOS(21)

4,SCNIC(21), THETAP(21,13), THETAS(21,13), TRELL(21), TSTAT(21),

5 VM(21), VTISQ(21), XBAR(1,21), YBAR(1,21), ZP(21,13), ZS(21,13}

CCMMCN /EQUIV/

1 CHC(21)y CHK(21), CCSA2(21), FSM(21}, KIC(21), KOC(21), RCA(21),

2 REC(2,21), RPTE(2521), SINA2(21), SKIC(21), SKOC(21), TALP(21),

3 TCA(21), TEC(2,421)y TGBU21),TTRP(21),TTRS(21),YCCLEL25),YLCTE(25)

49ZCCLE(25), ZCCTE(25), ZCDA(21), ZEC(2,21)y ZTRP(Z1}, ZTRS(21)

CCMMON /SCALAR/

1 BETA, CP, CPH2, CPH3, (PH4, CPH5, CPH6, ceP3, CPP4, CPPS, C7P6,

2 CPl, Cv, CCP, DFy DKC, CHCI, DLOSC, G, GAMMA, GJ, LGJ2, GR1l, GR2,
3 GR3, GR4y GRS, H, I, ICCNV, ICOUNT, IERROR, [IN, IPR, IROTOR, IR,
4
5

VRN WVE W~

IRCwy ITER, IW, J, JM, MACH, NAB, NBROWS, MHUB,NROTOR,NSTN,NSTRM,
NTIP, NTURES, CMEGA, PI, PQAl, PR, RADIAN, RF, RG, ROT,TL,TOAl, Ty
CCFVMON /BLACES/
A¥ACH, ACC, A1SQOAS, A1SCAl, BINC, CALP, CCC. CEPE, CGSBL, CHORD,
CINC, CKTC, CKTS, Cl, C2, DKAPPA, DRCE, DRCGI, DRCMST, ORCMT,
CRCOI, DRCT, DRCTI, CR1, CSME, DSMT, DSOI, DSaT, DSSE, OST, DSTI,
ErT, Fl, F2, GBL, ICL, IGC, IPASS, KIS, KM, KTC, KTS, Py, PFLOS,
RCG, RCM, RCMS, RCT, RD1l, RECGI, REE, REMT, RET, RETI, RMSJ, RTRC
64R1, R1C, R2, SALP, SEPE, SGAM, SGBL, SJ, SKTC, SKTS, SLJD, T,
7 TEPE, TGBLL, THD, THLE, THMAX, THTE, TKTN, TLS, WCl, YBl, YB2, IMm
CCPMMCN /MARG/
1 AL, AQAS, ACAl, CCHCRC, DAL, DACAS, DPW, DPWL, DRCLEP, DRCM,
2 CRCTPI, CRCTSI, LRCWT, CSA, DSP, DSP1, DSP2, DSS, DSSl, DSS2, DSW
3,EB, EWC, F, HC, ICHCKE, KIP, KUP, KOS, KP, KS, KTP, KWC, P12, RCI
44RCCy RCP, RCS, RCTP, RCTS, RELEP, REQIl, REP, RES, RETP, RETS,
S REwT, RTR, RTRD, RTRC, SECGRLy TCGl, TGBL, WC, ZMT
32C IGC = n
s ESTIMATE CERIVATIVE OF AQAS WITH RESPECT TO F
CKVM = CCSUI(KP + KS)/2.9)
DACAL = DSAS(HC*{KP 4+ EwC - KS) =~ WC*CCHORD*SLJD*CKM/RD1)/NWC1
DRTR = RTRC*!(X1C + DRCM®SALP)*CKM
DA1SAS = (GR2#*RTR#*GR1 - A1SCAS/2.0)*DRTR/RTR ~ PFLOS/RTRQ
DACAS = (A1SCAS=*DACAL + ACA1*DALSAS)/A1S0AL
IF (ICHCKE-2) 330,430,44"
Fl = F
DPW]l = [OPw
GC TC 445
SETUP CF CALCULATION FOR TRAILING EDGE CHANNEL WIDTH
IF (KOS + KCP) 345,420,350
KP = KOP
CALL EPSLCN(KUP+PI2,CoCyRCO,~-THTE,DRCLEP ,RELEP)
RCP = RCC + DRCLEP
REP = RCP*CH + RELEP + REOQOI*RCP/RCO
DRCLEP = CRCLEP ¢ CRCCI
DRCwWT = CRCLEP -~ DRCTSI
REWT = REF -~ RETS#RCP/RCTS
DPw = DSP?2
CALL CHAN
GC 1C 320
CAL. CF T.Es CHANNEL WICTH WHEN BLADE EXIT ANGLE IS POSITIVE
€C KS = KNS
KP = KTP




“

CALL EPSLCN(KOS4#PI2,C.C,RCC, THTE,DRCLEP,RELEP) 62

RCS = RCG + DRCLEP 63

RES = RELEP + RECI®*RCS/RCU 64

DRCWT = CRCCI + CRCLEP - DRCTPI 65

REWl = RES - RETP®RCS/RCTP - RCS*EB 66

DRCWC = CRCWT 67

REWC = REWT 68

pSwW = DS82 69

DPw = 0.9 70

ICL =1 71

RCP = RCTP 12

36C CALL TANKAP(RCP,CRCWC,REWC,TK) 73

WC = SQRT(1.0 + TK®*2) 74

IF (ABS(TK).GT.100.0) GG TO 370 75

WC = WC*ABS(DRCWC) 76

GO 1O 389 77

370 WC = WC*ABS(REWC/TK) 78

380 KWC = ATAN(-1.0/TK) 79

IF (REWC.GT.0.0) KWC = PI + KWC 80

DK = 2.08KWC - KS - KP 81

IF (ABS{DK)}.LT.0.,0001) GC TO 410 82

h IF (ICL.GT.1) GO TC 400 83
. . ICL = 2 84
i ¢ IF (DK.GT.C.0) GO TO 390 85
DKDS = (KTP - KIP)/DSPL 86

GC TO 400 87

& 39C DKCS = (KCP - KTP)/DSP2 88
. 4CC DPW = DK*WC/(2.0 + DKLS*WC) + DPW 89
DK = DKCS*CPW 90

CALL EPSLCN(KTP,DK,RCTP,CPWyCRCP,REP) 91

KP = KTP + DK 92

DRCWC = CRCWT - CRCP 93

RCP = RCTP + DRCP 9%

; REWC = REWT - REP*RCS/RCP 95
: GC 10O 360 96
410 DRCM = CRCCI + THLE - CRCWC/2.0 +DRCLEP 97

EwC = ~ REWC/RCS 98

GC TO 500 99

42C DSW = DSS2 100

DPw = DSP2 101

SKCP = KOP*SRS(KOP) 102

ODRCM = CRCCI ¢+ THLE + TRLE#SKOP 103

EWC = RCO + THTE#*SKOP 104

WC = EWCSER - 2.0%THTE#SCRT(1.0 - SKOP#*2) 105

EWC = WC/EWC 106

GC TC 590 197

C #9% SEARCH FOR MINIMUM CHANNEL AREA TO CHOKE AREA 108

43C F2 = F 109

DPw2 = DPW 110

IF (AOAS.GE.AL) GC TC 432 111

ALCw = AOAS 112

DPLCW = DPW 113

IF (DADAS.LELC.C) GO TC 433 114

GC TC 434 115

432 ALCw = AL 116

DPWLNW = CPWL 117

IF (CAL.LT.CoeC) GO TC 434 118

433 IF (ULAL- DAUAS.GE.=N,.2701) GC TO 478 119

434 CI = 02wl - CPwW 120

DI = (DAL + DAUGAS - 2.C*(AL - AUAS)/CL)/CI*%2 121

CI = (LADAG = DAL)/(2.:%CI) ¢ 1.5%DI*(DPWL + DPW) 122

- - 173




435
“28

44C

442

444

445

45C

455

4¢C
4€5

4190

174

BI = ULACAS + (22,0201 - 3,0%D1*DPW)%*PW
IF (D1FCemuQ) 6C TN 4725

BG - Cl#*$2 ~— 3 _C#[2p]

IF (BU.LTL el) GO TQ 478

BC = SQRT(PL)/Z(3.C%D1)

ce CIZt3,¢0*C1)

DPWA = CQ + RQ

[F (3.0%CI*0LPwN - CILCT, .0) GU Ty 438
DPWAN = CQ -~ RQ

GC TC 439

DPWN = HI/Z(2.0%*CI)

IF (ICHCKE.cQ.3) GC TC 444

IF (CPWN.LE.CPWL.CR.CPWN.GE.CPW} GO TO 478
A = AL + ([CPWN — DPWL)*(EI - CI* | IN + DPWL) + DI*({DPWN®(DPWN +
X CPwL) + CPwWL*%2))

IF (A.GT,ACAS.OR.A.GT.AL) GO TO 4.

IF (AQAS.LT.AL) GC TC 457

GC TC 445

IF (ICHOKE.GT.3) GO 1C 442

IF (ABS(DACAS).GT,.0.CC1l) GO TO 4134
ICHCKE = 4

IF (AQAS.LT.ALCW + 0.CC0C1) €O TO 4890
DPWN = (DPW + DPWLCW)/2."

GC TC 445

IF (DPWN.LE.CPW1) CPWA
IF (DPWN.GE.DPW2) DPWA
IF (BOAS.GT.ALOW) GO TC 445

ALCw = ACAS

DPWLCW = CPnw

AL = AQAS

DAL = DACAS

DPWL = [Pw

IF (ICHOXKELT,.3) ICHCKE = ICHOKE + 1}
IF (ICHUKE.EC.2) GG TC 340

DPW = DPWN

IF (DPW) 455,470,460

OKCS = (KTP - KIP)/DSPY

GC TC 465

DKCS = (KCF - KTIP)/DSP?2

DK = uPW=CKpS

KP = KTP + K

CALL EPSLCA 'KTPvDK»PCTP,DPH.DRCP.REP)
RCP = RCTP + LRCP

REP = RCP#EQ + RETPRRCP/RCTP + REP
DRCLEP = LRCTPL + DRCP

CRCWT = DRCLEP ~ CRCTSI

GC TG 4«99

KP = KTP

RCP = RCTP

REP = Q(CP4Tyg + RETP

DRCwWT = £QCTPL - CRCTSI

GC T 450

IF (ADAS.LTLAL) GC TC 48

ACAS = AL

F = Fl
CHK( J)
FSM{J)
RETLRY
REWT = 2FpP - RETSHRCP/RCTS
CALL LHAN

GC T¢ 320

ACAS - 1,2
(F = F1)/(F2 ~ F1)

nou

(CPW + DPW1)/2.0
(CPW + DPW21}/2.0

123
174
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5CC

C s9%

[¢cn o= 2 154

CALL CHAN 125

GC T o i2r 19¢

END 7

SLRRCUTINE COLRL 1

GENERATIUN GF The CLTPUT GLADE SECTION PROPERTICS ANV COURD . 2

REAL INC, KlIUL, KIS, KV, KLy, KTLy KTS, MACH 3

CCwWMCN /VECTCR/ &

1 BETAS(1,2Y), BMATL(L), SLALTSIL), CHOKE(L), CHORDA(L, CHNRDBI(L1), S
2 CHCROCtY), CPCC(EY, FEV(1,21), 10EV(LY), IGEQ(LYy LINCUL), 6
3 1LCSS(lY, LmaX(1), INCUL, 200, ISTNE2), FTRANS(L)y NGPT(11}, 7
4 NXCUT(1Y, PHI(L1421) PO(29210y RU2921) RBHUB(L)Y, RBTIP(1]), 8
S SLCPE(2,21), SCLICCL), TALE(L), TAMAX(Ll)y TATE(L), TBLECL}, 9
6 TAamMAX(L), IRTL(LY}, Toestiy, TOMAX(EL), TCTEE(L), TOLE(L), TUMAX(L), 10
7 TETE(L), TILTCL), TCU2,.010y TRANS(1 9210y VIH(Z921)y VI(2421), 11
B 202,21,y 7bHLELY), IeTIP(Ll), IMAX(1,21) 12
CCMNMCN /SCALAR/ 13

1 BETA, CP, (PH?, CPH3, (FH4, CPHS, (CPHO, cepP3, (PP4, CPPS, CPPoO, 14
2 CPLls CVy CTCPy CFy OFC,y LHCI, DLESCy Gy GAMMA, GJ, GJZ2, GRly GR2, 15
3 GRAy G2, LRy by Ty [CINV, FCUOUNT, IERRUR, L[IlNy {PR, IROTOR, IR, 16
4 1RCw,y 1722, lwy Jy J¥, MACH, NAR, NBROWS, NHUS ¢NROTOR G NSTiN 4NSTRM, 17
5 nNTIs, NTU~CS, CMEGA, F1, POAl, PR, RADIAN, RF, RG, RGT, TL,TOAL,TU 18
CCWMVIN 19

1 BETAL(21), PETA2(2L), CuSAL21), CNSL{21)y DKLE(L921), DLi21) 20
2 CAMM{21Y, LPARLZLY, RFLM(21)y RPRIL21), REL(21), RE2¢21 ), 21
3 RE3(21), REGL21), RE3(21), RVIH(21), SINA(CZ2L1), SINL(21) . SLNS(2D) 22
44,SCNICI21), THETAP(21,12), THETAS{ 21,130, TRELL1(21), TSTAT(21), 23
5 VM(21), VTLGL210, XRPAR(1,21), YPAR(1421) 10(21+13)y 25021413} 24
CCMni) JFCULVY/ 25

1 CHLI210,y (nKLE21), CCSA2(21), FSMU21), KIC(21), ROCL2L)s RCA(21)y 26
2 REC(E2421),y wPTI(2,21), TINAZ(2L),y SKICEZ2L),y SKIC(21), TALP(21), 27
B TCA(21)y YLCUL2,420), Trﬁ(?l)yTTKP(Zl)yTTPS(Zl)vYCCLE(ZS).YCCTE(25} 28
4, 2CCLLL2S) TCCTR (S ),y Z2CRAL21), IFCL2421 )y ZTRP(21), ITRS(21) 29
CCMPMC L /BLALESY 30

1 AVACH, ALC, 81SCAES, *15131, BINC, CALP, CCCy CEPE, CGBL, CHORD, 31
2 CLiC,y LVI0, LKTS, Cl, CZy CKAPPA, DRCEy DRCGEy DRCMST, DRCMT, 32
2 coill, PC1, CRCTIL, €ey, CSME, £SMT, DSOL, DSUT, DSSE, DST, DSTI, 33
4 EVMI, Fl, f24, GHL,y ICLy 16Cy 12ASS,y KISe KM, KTCy KIS, Py PFLOS, 14
5 RCGy RCM, KCWS, RCT, w0y, RECGLy REE, REMT, RET, RFETI, RMSJ, RTRC 35
6,R1, RICy “Zy SALP, STFE, SGBM, SCHL, SJe SKTCL, SKTS, SLJD, T, 36
7 TevrE, TOGHLL, TFHQ, ThHLY, THEMAX, THTE, TKTN, TLS, WC1, YBl, YB2, (M 37
CCMMCN /RCUT/  AC, CCSKL, COSKU, EMTM, i0OUT, IT, NP, SINKL, SINKU, 38

1 £X(13), EM{1a), YBP{1l4), YES(14)y ZEP(14), IBS(14) 39
CCMNMCH /LAPTL/ TITLEC(LF) %0

DIMENSICN EMSELla), FMLLL), FMS({10)e NSP{4), SHP!&43,, SHS(43), 41

1 SLU43), wORLLLYy XCUT(220, YCP(4396),y YCStG3,4), IC(4344) &2
ECUIVALENCE (JL,yICL) 43

DATA FMC / 4r(5%,, 4r3F9,, 44 2 GHyGX 4y 4H3F9,y 4HG » &4

l ‘Q"‘.QX" ‘0*‘3‘:‘)" 4t 4 v 4&"'4!.. Q“BFQ;' LHG [ "H, / "S
paTr EMS / Gritax, ak;lax, 4H3(4X, 4H4 (4K, 4H3(9IXy 4H) ’ 4«6

1 a4b Nayy GH15X GF3FG .y 4F4 / UX4
DATA WNRD / 4k / 48

1CCny = 2 49

Is -1 S0

175




46
C #82

ro
o n
[ Re]

2¢é4

2¢6
2¢8

C *%»
29C
3CcC

C e

X

X

X

C sos
C %»»

ALk

DO we J=1,* Tk

CALL #p Ao

CALL POYINTS

ESTAPLTIO ThE DALTAL LOCATTION CF THE RLALE SECTION PLANES
PO 7 NXEL TR W)

| S S PP PR A I OE A T X6

[

READ (IR, llen) (XCLT ) 4y d51,NC)
6 T 2en

CALL (LTS (N, (LT

Jroo-

TLS = (72T 1R LRTW) = 2EFUBCIROWIN/(RBTIP(IROW) - REHUB(IRGW) )
TE O CARSETIL G (ITHRLW)I YA CFL100.0) GU TO 264

TANT TILTUIRC W) SRSUTILT(IRGWY )

TANT = TANT/SCRT{1.0 - TANT##2)

IF CISTANCI) LT 0 TANT = —TANT

GC TC 266

HLBT = TILT(IROWY/10C,?

IF = HugT

TIPT = TAN((TILT(IROW) - 100.0%FLUAT(IH))/RADIAN)
I = IH - (IKH/100)%1CC

HLBT = TAN(FLCAY(IV)/RACIAN)

J =1

If = 1
AMIN = 42
AMAX = 23

WRITE (IW,2CCC) (TITLE(IJ),1d=1,18)

WRITE (IW,2020) BLADES(IRONW), ZBHUB(IRONW)

INTERPOLATICN FOR REF, CCORUDINATES ON THE DESIRED BLAUE SECTIONS.

DC 200 Ksl,113

CALL lNTERP(XCUT(J).l.K.YBS(K)leS(K))

CaLt lNYERP(XLUTtJ)'Z.K,YBP(K).ZBP(KD)

CALL INTERPUXCUT(J)s14CrYBS(14),ZBS(14))

CALL INTFRP(XCUTI(J)y2,CyYBPL14),2BP(14))

CALUCLLATICK CF THE BLACE SECTION CHURD ANGLE

Cagt ARCS(/&S(l)leS(Z).ZBS(!)'YBS!l),YRS(Z),YBS(3)pSP1,SSl)

CALL APCQ(IHP(I).ZBP(?),ZBP(BD,YBP(I),YRP(Z),YBP(B).TANB.SPI)
rer - 1

CAaLL ‘UC‘G(ZNB(L).YHS(l).SSl.ZBP(ll.YbP(l).SDl,A.AX.AY,RLE,
ZCLLL Iy YCOLE( D))

CatL ARLQ(/VS(1;).185(12).188(11).Yb$(13).YBS(12D.VBS(11).SP1.SSll

CAaLL AR(S(/&D(lll.ZBP(12)'139(11).YUP(llb.YBP(lZ)vYBP(lll.TANB,
SR

CALL zHHFS(l“5(13).YH¥(l‘l,SSI'ZPD(13).VHP(l;).SPl,A.Ax,AY,RTE,
ZCLTRQIY ,YCLTE( YY)

Y - YOUTE(S) - YCCLE( )

CZ = 20LTe (4 - 2CCLECY)

DR = RLE - 2T¢

CHECHL = SORT(CY#%2 + [17%%) —~ [R%%2)

TAN: = (LYALRCRE 4 DR2LZ)Z(D?*CHORD ~ DR*DY)

TRANSLATE THE BLALE SECTION COORLINATES TO THE STACKING POINT

ORISIN ANE RQTAIF TO LIE ALUNG THE BLADF SECTION CHORD

CCSe = 1a /5GRT(1aN 4+ TANHBE%D)

SIN' = TANPSCLSH

D7 = XCLT(J) = RRELB(IRMA)

LE CASSETIUTOIRCHW) ) aGY .1 "DG0) GO TO 154

CTh = CZ7eTANT

GC 10 309

RCCT™ = XOUT(J)

()‘hl = ;.-1

5T (e - ROEUP(TRCA) )/ UERATIPLIROY) - RRHUKIIRUWI)*(TIPT -HUBT)




3Ce

3ce

313

329

360

370

DTH = GT + (MUBT - RBHUB(IROWI/(RBTIP{IROW) - RBHUB(IRCOW))I*(TIPT
1 FURT)IXALCGIRCUG/RBELECIRCW) )

IF (ABS(DT+ - DTHL).LT.1.0E=-7) 6O TO 306

RCCG = RCCH + {(XCUTLI)I/CCS(OTHY) - RCCGI/(1.0 — DTH®(GT + HUBT))
DTHL = BTk

GC 1€ 3058

DIH = XCLT(J)*TAN(CTH)

IF (ISTN(I).LT.0) OTH = -DTH
D2 = TLS*C?

DY = DTH*CCS8 + DZASINE

D2 = DZ*CCSB - CTHASIAER

DC 210 X=1,14

YBT = YBS(X)
YBS(K) = YB>{K)*COSB - ZBS(K)*SINB + DY

IBS(K) = ZBS{K)®CCSB + YFT*SINB - DZ

182 = IBS(13)

¥YS$2 = YES(13)

CALL SPLETG({ZBS,YBS,14,A5,AXS,AYS5,551,552)
NPS = NP

I7TS = IT

EMTS = EMTY

DC 320 X=1,NKP

EMSIK) = EM(K)

CALL IMCM{ZBS,YBS,NP,AXXSyAXYS,AYYS,AXXXXSy AXXYYS,AYYYYS)
DC 360 K=1,14

YBT = YBP(K)

YBP(K) = YRP(K)*CCSB - IFP(K)*SINB + DY

78P(K) = IPP(K)*CCSB + YHT*SINB - OZ

P2 = 18P(13)

YP2 = YBP(13)

CALL SPLITG(ZBP,YBP, 14,AP,AXP,AYP,CP1,S5P2)

CALL I[MOM(ZBP,YBP NP yAXX,AXY AYY AXXX X9 AXXYY,AYYYY)

AXXS = AXXS - AXX

AXYS = AXYS - AXY

AYYS = AYYS - AYY
AXXXXS = AXXXXS = AXXXX
AXXYYS = AXXYYS - AXXYY
AYYYYS = AYYYYS - AYYYY
IcCur = 9

CALL EDGES(2S24Y¥529552,2P2,YP2,SP2,AT,AXT,AYT,RTE,ZCTE,YCTE)

CALL ENCSU(7S2,YS2,ZP2,YP 7y ZCTEYCTEZRTEJACyAXXToAXYT,AYYT,AXXXXT,
X AXXYYT,AYYYYT)

FALL EDGES(Z8S(1)sYBS(1),5S1,2ZBPU1),YBP(1),S5P1,AsAXsAY,RLE,ZCLE,
X yCLE)

CALL ENCS(ZHS(1),YBS(1),ZBP(1),YBP{1),ZCLE,YCLE)RLEsAC,AXX)AXY,

X AYY, AXXXX, AXXYY, AYYYY)

A = A + AS - AP - AT

AX = AX + AXS - AXP - AXT
AY = AY + AYS - AYP - AYTY
AxX AXX + AXXS - AXXT

AXY = AXY + AXYS - AXYT

AYY AYY + AYYS - AYYT

AXX XX = AXXXX + AXXXXS = AXXXXT
AXXYY = AXXYY + AXXYYS - AXXYYT
AYYYY = AYYYY + AYYYYS - AVYYYYT
XR = AX/A

YR = AY/A

AP = AXX + AYY

BETA = RACLANSARSIN(CSING)

TANT] = D2, 0%AXY/(AXX = AYY)

TANA] = TANTRIZ(E1.7 ¢ SCRT(1.0D ¢ TANTBI#*%2))

112
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139
140
141
142
143
144
145
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147
148
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151
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BETAT = DACFAN®ATAN(TANR]) + BETA 173
CESAL = 1,./5QUT(1.0 ¢ TANu[#%2) 174
SIN'T = TANK[*CESHI 175
AIMIN = AYYX(USHI®#2 o SINBI®{AXX®S[NB] - 2.®AXYECOSKT ) 176
AIMAX = AID - ALNMIN 177
cALt TUQSN([TS.NPS,E”S,t”TS,WLE.SSquPI.SSZ.QPZ.L,TCRS) 178
TCRS = TORS/(3.0 + 4, %TURS/(A%URS2)) 179
TWIST = AXX<X + AXXYY + AYYYY - AlPss2/A 182
YOO = 20T - v(LE 181
20 = RLE - J(LE 132
YSt o= YL e ny 193
2ST = 2¢5 - 2 154
WRITE ("W,2230) J, XCLT(J4), ZsT, YST, BETA, (G, YCG, A, AIMIN, 185
X AIMAX, RETAl, TORS, TwIST 186
C #3s SET THE ELACE CCCRL. CEFINITION INCREMENT TO GIVE BETWEEN 29 187
C #8% ANC 49 PCINTS AT A RCUANC DECIMAL VALUE 138
CHCRC = RTE + ZCTE - ICLE + RLE 189
OI = CHCRLC/20.0 190
DIL = ALOGlO(DI) 191
ICIL = DIL 192
IF (Df.LT.1.0) IDIL = ICIL - 1} 193 -
RL = DIL - FLGATCILIL) 194
IF (RL.GE.D.30103) GC TQ 430 195
DI = 1.0 196
GC TC 455 197
43C IF (RL.GE.D.39794) 6GC TO 440 198
Ol = 2.0 199
GC TC 455 200
440 IF (RL.GE.N,69897) GC TO 450 201
DI = 2.5 202
GC T 455 213
450 DI = 5,0 204
455 01 = DI*1C.J*#IDIL 205
PN = CHORC/DI - 0.00C01 206
NPT = PN 207
NPT = NPT + 4 208
C #*#+ INTERPOLATICN FOR BLACE SECTION SURF, COORD. AT THE DESIRED Lacs. 299
ZC(14IP) = Q.0 210
YCS(1,IP) = RLE 211
YCP{1,IP)Y = RLE 212
ICTc = 2CTE + 2C6 213
ILE = RLE - ZICLE + ZIBS(1) 214
ITE = ICG + 282 215
DC 462 K=1,14 216
IRS(K) = ZBS(K) + ICG 217
46C IBP(K) = ZEP(K) + 2CC 218
K = 2 219
KS = 2 220
IE = O 221
4¢S IF (RLEJGELZC(K=-1,1P) + CI) CO T0O 470 222
IC(K,IP) = RLE 223
Ie =1 224
KLE = K 225
GC TC 480 226
47C ZCHK,LIP) = ZC(X-1,IP) + (I 227
48 IF (2C(K4aIP).GTLZLE) CC TO 45N 228 \x_
YCS(KyIP) = RLE + SQRT((2.0%RLE - 2C(Ky IP)I®RZC UK, .} 229 S
CC TC 52n 230
4SC IF (ZL(K41P) LTL,2TE) Cr 10 570 231
YCS(KyIP) = YCTE ¢ YCC + SCRT(RTE**2 -~ (7C(K,IP) - ICTE)*%x2) 232
GC T 530 233

178




5CC IF (IC(KsIF)LELZBS{KS)) GO TO 505
KS = KS + 1
GC TC 5CO
SC5 EMU = EMIKS)
IF (KS.EC.T1TS) EMU = EMTS
D7 = ZBSEKS) ~ IBS(KS-1)
nIv = IC{K,IP) - ZI8BSIKS-1)
IR = DIM/C2
IF (2R.GT,.C.C001) GO TC *=10
YCS(K,IP) = YCG + YBS(KS-1) + ZR*{YBS(KS) -~ YBS({KS-1)) -DIM*DZ+
X (2.0%EMS(KS-1) ¢ EMU)/6.0
GC 1T 530
51C DZP = IBS(KS) - ZC(K,1P)
IR = DZIP/CZ
If (IR.GT.C,3001) GO TC 520
YCS(KoIP) = YCG + YBS(KS) — ZR*{YBS(KS) - YBS(KS=1)) + DIMx/7%{
X 2.C*EMU + EMS(KS-1))/6.C
6C 10 530
520 YCS(K,IP) = YCG + DIMA(YRS(KS)/DZ + EMU*(DIM®22/07 - DZ2)/6.0)
X ¢+ CIP®(YBS{KS~1)}/0Z + EMS(KS-1)8(DZP*#2/DZ - D1)/6.0)
S3C K = K + 1
IF (IE~1) 465,540,550
540 1€ = 2
545 IC(K,IP) = ZC(K-2,IP) + CI1
GC TO 480
550 IF (ICTE.GELICIK-1,IP) + §1i GO TG 470G
IF (K.EQ.NPT) GG TC S57C
IF (IE.GE.3) GO TC 56C
ZC(K,IP) = ZCTE

It = 3
KTE = K
GC TC 490
56C IF (IE.NE.3) GC TC 470
IE = &
GC TC 545
51C K = 2
KS = 2

1TE = 210G + IP2
S8C IF (IC(K,IP).GT.ZBPLL)}) CO TC 590
YCPU(K,IP) = RLE - SQRT((2.0%RLE - ZICUK,IP))I*ZC(K,IP))
GC 10 639
59C IF (ZC(K,IP}.LYL,2TE) CC TO 6CO
YCP(K,IP) = YCTE ¢+ YCC - SQRT(RTE®*2 - (IC(K,IP) - ICTE)*%*2)
GC TC 637
6CC IF (ICIK,IP).LE.ZBP(KS)) GO TO 605
KS = KS + 1
GC TC 60N
6CS EMU = EM(KS)
IF (KS.EQ.IT) EMU = ENTM
£z = 1eP(KS) - ZBP(KS-1)
DIV = ZC(K,I1P) - ZBP(KS-1)
IR = 0ZImM/C2
IF (IR.GT.2.C00N1) GO TC €17
YCPUK,IP) = Y(CG + YBPIKS-1) + ZR*(YBP(KS) - YBP(KS-1)) ~ DIM=*DZ»*
X (2.0%EM(KS-1) + EMU)/€LC
GC TC 631
€1C DZP = Z2BP(KS) - ZC(K,I1P)
IR = DZP/C2
IF (7R.GT."4C001) GO TC e2¢
YCP(K,IP) = Y(LG + YBPIKS) = ZR*»(YBP(KS) - YBP(KS-1)) ¢+ DIM*DZ*
X (2.0%EM0 ¢ EMIKS-1)) /6.7

234
235
236
237
238
239
240
241
242
263
264
265
246
2617
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
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62C

63C

640

642

646
648

65C
6610

€ES

¢7C

6EC

69C

7C¢C

71¢

720

GC T 63n

YCPUK,IP) = YOG + DZM3(YEP(KS)/D? + EMUS{DZM*%2/D2 - DZ)/6.0)

2 CIP2{YRPIKS-1)/02 + EMIKS-1)%(0IP**2/DZ -~ DZ)/6.0)

F UK EQLNPT=}) GC TC €4

K = X + }

GC TC s8n

LCIANPT,LIPY = (HGRL

YOSUNPT,LIP) = YCTE + Y(G
YCP(NPT,LIPY = YCS(NPT, [P

[F (NGPTUIRCW)LT.19) GC TQ €48
NPS = nNPT -

DC 242 K=1,NPY

KS = K+l

TF (K, LT KLE) KS = K
IF (K GE.KTE-1) kS =
SLIK) = 72C(KS,IP)
SHP(K) = Y(P(KS,IP)
SHSIK) = YCS(KS,IP)
IF (NCPTUIRGW).LT.29) CC TQ €46

PUNCH 190C, xCuT!(l), (TITLE(IS),1d=1,4)

PUNCH 1912, NPS, BETA, ST, YSTy RLE, RLE, RTE, ZCTE
PLNCH 1921, (SLIK)ySHF(K)ySHS(K),K=1,NPS})

IF (NOPT(IRCWI.LT.3D) 60 TO €48

K+2

CCNTINUE
IF (NPT.GT.AMAX) AMAX = NPT
EF (NPT LT.AMIN) AMIN = NPT

NSP(IP) = NPT
IF (IP.NE.4) GC TC 797

45 = 4+ 1 - b

JFE =

WRITE (IW,2073) (JyJd=JS,JF)
DC €60 K=1,NMIN

WRITE (IW,FMC) (2CHIK,10), YCPUKyIJ)y YCSIK,1J)p1d=1,12)
Pl =1

IF (NMAX.NENMIN) 6O TC €65
IF (IP.NE,4) GC TC 778

GC Tr 780

NMIN = AMIN + 1

OC 770 K=AMIN,NMAX

GC TC (7604720,68U,672),1P

IF (NSP(4).GELK) GC TC 6%)
1P = 3

FrOCULL) = FMS(S)

FMC(12) = FNMS(6)

IF (NSPU3).CGE.K) G TC 729
IF (IP.EQ.Y) GC TL 7¢7

IF CIPL.LT.3) GG TC 710

IPI = 4

FVMC(RY = FNS(5)
FME(S) = F¥S(6)

GC TC 729

Ip = 2

GC 1C ¢91

FrR(R) = Frs(T)
FFMDLS) = F¥5(8)
LC(K43) = WCRC(1)
YCPIK,2) = WCRE(D)
YCS(K,y3) = WCKC(1)

ITF (NSP(2).GE.KLORLIPILGCTL2) GO T0 760
LF (1P.5Q.2) 6C TC 74°

LE (IPI.FQL ) GU TO 760

IPI =3

+

295
296
2°7
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355




730

740

7150

760

T717¢C

775

780

790

8CC

810

gz2¢C

84C

85C
10CC
19¢C
191C
192C
20CC
2C€26

~N D W N

FMC(5)
FMC (6)
GC 10 7690

IP =1

GC TC 730

FMC(S5) = FMSI(T)
FMD{6) = FM>(8)
2C{K42) = WORCI(]1)

FMS(5)
FMS(6)

YCP(Kye2) = wWORO(1)

YCS(Ke2) = WCRC(1)

IF (NSP(1).GE.K.OR.IPI.GT.1) GO TO 770
P = 2

FMD(2) = FMS(5)
FMD(3) = FMS(E)
WRITE (IW,FMD) (ZC(K,1J),YCP{K,1J),YCS{K,1J),10=1P1,1IP)

FMD(2) = FMSL(S)
FrO(3) = FMS(10)
FMO(5) = FMS(9)
FrOt6) = FMS(10)
FeD(8) = FMS5(9)
FMC(9) = FMS(10)

FrMO(11) = FMS(9)

FeC(12) = FMS(10)

IF (J.cC.NC) GO VG 843

J=J+1

GC 10 268

IF (J.EC.NC) GO TQ 8CC

J=J+1

IPp = 1p + 1

GC TC 290

FFPDL11) = FMSIS)

FPDI(12) = FMSHE6)

JS = 4+ 1 - 1P

JF = J

IF (IP.LT.3) GC TC 810

MRITE (IW42C60) (JeJ=J3SyJF)

GC TC 650

FMCUB) = FMS(S)

FMC(9) = FMFS(6)

IF (IP.LT,2) GO TO 82C

WRITE (IW,2G5C) JS,JF

GC 1C 650

FVMD(5) = FMS(5)

FFMC(6) = FMS(6)

WRITE (IW,2040) J

GC TC 65N

CALL BCCORC(ISyNCyXCUT,YCCLE,2CCLE,YCCTE,2CCTE)

RETLRN

FCRMAT (8F10.4)

FCRMAT (3X,3HX =,F10.492X,4A6)

FCRMAT (15,5X47F1045)

FCRNMAT (SFR.4)

FCRVAT (1K1 / 27X,32H%** BLADE SECTION PROPERTIES OF s 18A& )
FCRVMAT ( / 20X,18HNUMEER OF BLADES =,F6.1,10X,47THAXIAL LOCATION OF
STACKING LINE IN COMPRESSCR =,FT.3,4H IN.// 4Xy13HBLADE SECTION,
SX,14HSTACKING POINT ,5X,THSECTIONySX, 1 3HBLADE SECTION,4X,
THSECTICN,3X,18HVNOMENTS OF IMNERTIA,4X,4HIMAX, 44Xy THSECTION, 53Xy
THSECTICN 7/ 13X ,4HRAC 497Xy 11HCCORDINATES, 6X, THSETTING, 3X,
16FCeGe CCLRUINATES p4Xy4HAREA8Xy 12HTHROUGH ( oGoy6Xy THSETTING,2X,
TETCRSICN y4X s SHTWIST /7 “Xy3FNCe 95Xy 4HLOC o 96Xy IHL 39Xy 1HH 48X,
SHANGLE g EX 9 IHL 99X g1k 31 TXoaFIMIN,6X94HIMAX, TX ,SHANGLE 93X,

is7
158
159
360
161
362
363
3haG
365
366
367
368
369
370
371
372
373
376
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
3990
391
392
393
394
395
396
397
398
399
400
“«01
402
403
404
405
406
407
408
409
410
411
412
413
416
415
416
417
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C AR UNSTANT L X, ubST IR, <, 7 ARG G Ak S N L) 5K, 5| ENJ) 55X,

FERINEL LY J Gk SHINGY , 53X, M A PLAy H!i\.)*°?.lx.2(2X.3H([N.)#*é),
a ZAGOHILEL L) 3, AR IR Y e e, 2, o TkEa
2C3C FiRrwAT R S N 00 T I LIt I N TR SAT RS I R O DR IS O S
L Fll.a,vi7 .5 )
204C FCR»AT (/ TAXSLIFRSFOTLIN NiZow D3, 10 1 R AT: ¢ / 17X,
L IFL 38Xy 2k 7X, 2HHS , 7 x 7 Sy 304X . - T INGY )
2050 FCRWMAT (/ 22X, 2(5X,11k5si T1 n Nilewl oy idie TU0R0 0 ATES) / X, tax,

L IRl g3y 2500, TX, 0FS, i) / claXy Taux 5 I8N )Y ))

2C6C FORNMAT (/ X ,3(5X, 11RSECTION Ntey 13,12 " DURTDINATESY / EX,3(6X,

L 1ML R, 2FHP, TX, 2HKS , TX ) / 34Xy 304X 4SHII ) ) )

207C FCRVAT (/ 2X,a(Sx,11F-57 TICH NCowl 3,120 CCL. - e SY 7 o AX,4lax,

1 1L eBXe 2FHPa IX 2 MS, 01X} / 4L4X 3 3{4X 45HIIN, vy
EANC

SUBRCUTINE XCUTSINC,XCUT)
THIS ROUTINE SETS THE RADIAL LOCATION OF THE BLADE S . r{/:

C %%3% PLAINS TC COVER THE BLADE SPAN IN ROUND DECIMAL INCREMEN" «

REAL INCy KIC, KCC, MACK
CCPMMCN /VECTOR/

BETAS(1,21), BMATL(1), BLADES(1), CHOKE(1l), CHOR 2¢y ;. CHORDB(1),
CHCROC(1), CPCC(6), CEV(1,21), IDEV(l), IGEO(1,. TINC(L),
ILESStL), IMAX(1), INC(1,21), ISTN(2), ITRANS 1}, NOPT(1),

AXCUT (LY, PHI(1,21), PCU2,21), R{2,21), RBHUB(1}, RBTIP(1},
SLCPE(2,21), SOLIO(L), TALE(1l), TAMAX(1), TATE(1), TBLE(i),
TBMAX(1), TRTE(1), TCLE(L1)y TCMAX(1), TCTE(1)y TDLE(1); TODMAX(1l),
TOTE(L)y TILT(LY, TO(2,21), TRANS(1,21), VTH(2,21), vZiz,21),
2(2,21),y ZBHUB(1), ZETIP(1), ZMAX(1,21)
COMNMEN /SCALAR/

1 BETA, CP, CPH2, CPH3, CPH4, CPHS, CPH6, cpP3, CPP4, CPPS, CcPP6,

3 GR2, (R4, GRS, H, I, I€CENV, ICOUNT, [ERROR, IIN, IPR, IRAOTOR, IR,
4 IRTwy ITER, Iw, J, JM, MACH, NAB, NBROWS, NHUB,NROTOR,NSTN,NSTRN.
5 NTIP, NTLRES, CMEGA, Ply POAl, PR, RADIAN, RFy RGy ROT,TL,TOAL,TU
CCVMMCN

1 RETAL(21), BETA2(21), CCSA(21), €OSLI21), OKLE(1421), DL(21),
2 GAMM{21), GRAR(21), RELM{21)s RPR1(21), RE1(21), RE2(21),

3 RE2(21), RE4(21), RES(21), RVTH(21), SINA(21), SINL(21), SLOS(21)
49 SCNICI(21), THETAP(21,13), THETAS(21,13), TRELLI(21), TSTAT(21),
5 vri21ly, VvTSQL21)Y, XBAR(1,21)s YBAR(1,21), IP(21413), ZS(21,13)
COCMMON JEGQUIVY/

1 CHCt21)y CHK(21), CCSA2(21), FSM(21), KIC(21), KOG(21), RCAt21),
2 ReC(2,21), RPTE(2,21), SINAZ2(21), SKIC(21), SKOC(21), TALP(21),
3 TCA(21), TEC(2,21), TGB(ZI),TYRP(ZI);YTRS(ZI).YCCLE(25)9YCCTE(25)
49 ZCCLE(25), ZCCTE(25), ICDA(21), ZEC(2421)y ZTRP(21), ZTRS(21)
BIVM=NSICN XCUT(25)

[F (NC.GT.") GO TC 60

XN = 23.,7%(1,5 - EXP(-C.5%(RRTIP(IROW) - RBHUB{IROW))/CHD(JM) )} +
X 542

NC = XN

FF (NC.LT,5) NC = 5

IF (NC.GTL24) NC = 24

NT = NC - 1

TR (ROTy 1) a6k aR(I=1,1)) 0 T 70

XFIGH = p(1-1,1)

DXHIGH = 2(1-1,1) - R([,1)

GC TC 139

O AN W N e

418
419
470
421
422
“23
“424
425
426
427
428
429
43D
431

VR NOPWVMPWN -




70

ge

9C

1C0

110

120
130

14C

150

160

17¢

1€C
19¢C

2CC

Xk 1
OXH
XLC
oxt
IF

) IR
DXt
ox

oIL
ICI
IF

GC
ol
01

Ch = R(I,1)
IGH = R(Iyl’ - R I"l'l)

W = RUI-L,NSTRM)*®CCS(THETAP(NSTRM, 1))
OW = R{ETSNSTRM)SCCS{THETAS(NSTRM,13)) - XLCOw

(OXLCW.GEL.Q.0) GO TC <O
w = XLCW + DXLCwW
(W = -0CXLOw
= XHIGKF - XLCW
= ALCGLlo(DX)
L = CIL
(DX.LT.1.0) IDIL = ICIL -
= DIL - FLOATC(IDIL)
(RL.GE.C.30103) GC TC 1CO
= 1.0
TC 130
(RL.GF,0.39794) GC TG0 110
1C 139
(RL.GE.0.69897) GC TC 120
= 245
7C 130
= 5.0
= DI®*10.,0¢8¢IDIL - 2)

XCUT(1l) = XHIGH/DI
fCUT = XCLT(1)

XCLUT(1) = CIS(FLOAT(ICUT) + 1.0)
= (XCUT(1) - XtLow)/CIl + 1,0

b {}
NX

XCUT(NC) = XCUT(1) - CISFLCAT(NX)

1F
ANI
FN
OxC
F =
IF
FAN
GC
X7
NT
IF
NF
xXCcu
IT
1F
NTI
17
XCu
IF

NF
NF

= XN

(NC.LT.7) GC TQ 215
= NI
= 1.0
LT = XCUT(1) - XCUT(NC)
DXCUT*(FN + (Q.2)/xNI1
(DXHIGH.LT,F) GC TC 150
= FN 4 1.0
1C 149
= DXHIGH/DI + 1.0
= XT
(NT.LELAX/NI/S) GC TO 170
= FN

TINF+1) = XCUT(1) - DI®FLCAT(NT)

=1

(NF.EQ.1l) GO TC 180
= (NT + 1)/NF

= IT + 1

TCIT) = XCUT(IT-1) - CI#FLOATINTI)

(IT.EQ.NF) GC TC 180
TC 160

0

0

1.0
CXCUT*(FN + 0,2)/XNI
(CXLCWLT.F) GC TC 2C-
= FN ¢+ 1.C
7€ 190
= DXLCW/LI + 1.0

= X7

(NH.LF ,ANX/NI/S) GC TO 220
= FN

= NC - NF

wonou

1

*
Y
"‘i




XCUT(NFH)Y = XCUTUINC) + LI*FLUATINK)

I+ =1

IF (NFOFRLY) CC TC 227

NTL = (NR ¢ 1)/NF

It = I+

INE = NC o+ 1 - IH

XCLTUINK)Y = XCUT(INH+1) + CI®FLUATINTLY

IF ([H,EQ.NF) GC TC 230

GC 1C 219

NT

Iy

Nk

I+
> NX

NI

i1

NX - NT - NH

NI - IT - IH

NX/NI

NL NX — [1*N!

JL 1T + 2

N = NI + IV

IC = G

DC 250 J=JL,N

IC = 1IC % 11

IF (JelToJiL+NLY IC = IC + 1

XCUT(JY = XCUT(IT+1l) - FLOAT(IC)*DI
NC = NC + 1

XCLTINC) = RBVIP(IROW)

IF (ISTN(I)eGT.0) XCLTINC) = RBHUB(IROW)
RETLRN

END

L U T S £ N [ I [ [ S | N S V)

SLRRCUTINE IMOM(Z, Y N gAXX,AXY AYY  AXXXX ) AXXYY,AYYYY)

C #*#% MCMONTS CF INERTIA USING THE SPLINE CURVE AS THE SURFACE BOUNDARY
CCwMMEN /RCLT/  AC, CCSKL, COSKU, EMTM, I0UT, [T, NP, SINKL, SINKU,
1 €X(13), E£V(14), YBP(14), YBS(14), ZBP(1l4), ZBS(1l4)
DIMENSICN YIN), Z(N)
A XX 0,a

AXY
AYY
AXX XX
AXXYY
AYYYY
NL =
pC ??
EL = ©£M(K)

IF ([T.EQ.k41) CC TO 1€
EL = EM(K+1)

GC T¢ 27

TL = EMTM™

CXxS = DX{(K)*#2

DXSt = CXS*(EL + EU)/Zz.0
YV = Y{(K)

YF Y(K+1)

YsS YMRVY N

YC YSsYM

YGQ YS%YS

ES CLeFL

RNV S W

o Qn

wononon




EC = EuRfL

IV = 2K}

1P = 7T{(Kel)

IS = IMxIW

IC = 7H37W

A AR A

AXX = V(Y o+ UKLKY&({Ee%vl 0870 e o i%]M) e A 800+ YPE(]S 4 [PF
1 (2.7%20 ¢ 3,0%70P))Y /000 = TALA(ELR(2Peat/P/15.0 ¢ "M/LT.T) ¢ 1N/
2 12.u) + FLEQZIPE(P/LIT,C ¢ IM/IC.G) ¢ I5/15.3) 11 /6.T

AXY = AXY 4 [XIRI/Z26, % rSe( i, 0878 & JL) ¢ YOR(2 UM & [P)EYM +
1 YP#(7M + 3, 08700 ) = [A5/15 CR(YMEIIME(S OFEL ¢+ 4,0%TU) 3.0%/P%
2 OLEL 4 FL)) & YPE{3 sV e(CL ¢ EU)Y ¢ [PRla decl ¢ he b)) - Nxs/

3 162 IR(ESE( 25,288 ¢ 29 %2 0) ¢ EURLE2 ISELE(IM + IP) + cUsL29,.0%
4 IV + 35.32%70)) 1))

AYY = AYY + CX(K)I/12.0%(Y0 ¢ (Y5 # (YM + yP)xyp)sy? — DX5/39.0%((
1 5628YS 4 (0.0%YM + 4.0 YP)EYP)IHEL + (4,7%YS + {L.0%YM & 5,(Q8YP)*
2 YP)I*EU - [CXS$5/84.03( {25, *ES + (62,0%EL + 29,0%EUI*EUISYM + (29.0#
3 ES 4 (A2.5%FL 4 35.0%ZU)SEUIRYP - UXS/6,08(7.u%EC + (20.0%ES ¢
4 (27.0%EL ¢ T, 3*EL)*cLIETU) D)

AXXAX = AXXXX & CX(K)#(YFE({{{5.7%IP + 4, 0%INM)#IP + 3,2%1S5)*1P +
L 2.24#ZC)I%729 + ZQ) + YMA((((IP ¢ 2,0%IM}%IP ¢ 3,)%1S5)*1P + 4. I%IC )%
2 IP 4 5.0%70) - DXSH(TL®{3S, " #2y + IP%x(52,)%/C + IP*(54,3%1S + IP*
3 (44 0FIN 4 25,0%1P)) 1) ¢ ZUSC({(35,0%IP + 52,4%IM)%IP ¢ 54.3%15)¢%
4 IP + 46 20RO 4 25,0310/ 16R.0)V /357
AXXYY = AXXYY ¢ DX(K)II(Y(E(ZO8(2P & 4,7%IM} + 10.3%1S) & YP®(YS*(

J URIPE(IP # 2.3%2M) 4+ colxL1S) + YPE(YME(6.DIPE(IP + IM) + 3.0%

2S) + YPR(ZDH(LIJIK2F ¢ 4.0%IM) ¢ IS))) - NXS&{YSE(EL*(IP*(9, *1P

v 26,IKIM) + 35,.0%75) 4 ELR(ZPR(9,IXIP + 22,0%IM) + 25.3%IS)) +YP

F(YME(ELE(ZPH(22,0%7F ¢ 34,.7%]M) + 26.0%1I5) + EUX(IP*(26,J)%1IP +

1 THZIVY b 2243%I5)) + YOR(FLR(ZPR(25,0%ZP ¢ 22.3%1IM) + 9,0%15) ¢+

FUS(ZP%(35,.7202P ¢ 26,.7%7M) 4 3,.1%[5))) - DXS*(ES*(YMX(2P*(19,. %P
QL NIV 4+ 42 ,0E2S) 4 YPRZPE(2TIRIP ¢ 33,0%IM) &+ 22,0%75)) ¢+

TUSIILELYNE(4. ,N%TD4{70 + 2,8 /M) + 66.7%7ZS) + YPX(IP*(€6,0%2P +

BAJNEINY) 4 40.0R1S) ) 4 U (YMR(IPX(22,5%2P + 33,0%IM) + 27.,0#%25 )+

YPSUZOE(42, 042D + 44, %M1 & 19,3%7S))) = DXS*(EC*(2P%(52,0%2P +

132.9%7M) « T7,.)#75) + FUS(FSH(IPR{ITLL*2P + 204,7%IM) + 195.9%

IS) + TUSLOL*R(ZO#1155,0427 + 234,3%7M) 4 171.0%71S) + EUR(IP*(77.0

B2 4 102.0%IM) 4 52.2%75)))01/06e0) /18400 /28,0)/924)
3C AYYYY = AYYYY + OXUKIF(COUOYP + YM)RYP + YS)®YP + YC)xYP + YQ)*YP

DO~ D W N~

W e

1 + YMEYD) = UXSER(((1 (5. 2YP + G.)%8YM)I%RYP + F,0%YS)eYP ¢+ 8,0%Y(C)*
2 YP 4 S5.08YS) ~ DXSE#((((S.UsYP ¢ .0 &YMIRYP & I UxYSIEYP + 5,.%YC
3 ) = OXSER(({5.0%YP + 4, _%kYiA)%YP + §.0%YS) - UXSEX((YP + YM) -
4 CXHS/22,00/720207€00) /407 V71402173000
RETLRY
EN
C *%x THIS 20LTING CALCLLATES The MOMENT OF INcRTIA CORRECTIONS
C #%% ASSUCIATED wifk TEE prrd v TRHEATMINT OF THo 2LADE END CIRCLES.
SLAINUTLINE NCSUZSeYS /7P a¥P g ZC YO aR Ay X 7 'Y AYY JAXXX Xy AXXYY s
X AYYYY)

COMNE Y IRCLTS ACy COSKLy CUSKU, EMT™, 1.UT, 1T, NP, SINKLs SINKU,
1 CX(13), FM(Llady YBPUL4), YuS{la), 2ZuP(L&), IBS(14)

2L = T =y
c7L = 7= v
cYL = Yo - ¥S
YL = Y( = ¥¥

27
28
29
30
31
32
13
34
15
36
37
38
39
40
41
%2
43
44
45
46
41
48
«9
50
51
52

54
55
56
57
58
59
69
61
62
63
64
65
66
67
68
69
T0
71

COOND VNS WNMP

=

18C




R

R - RERS

YCS = YO #%D

FARS R T

YCCO = YOXYCS

YCi YCS®YCS

1CC 7C*Z2(CS

LCGQ 7652 7CS

SINS = SIANKL + SINKY

CCS> = COSKL + CCSKU

SINCKL = 2.0%SINKL*CLSKL

SINZKYU = 2., 0%SINKU*CCSKU

SINEC = SINZ2KL — SINZ2KL

RT = R&(SINZKL - SIN2KU)/1&6.C

RC = RSE(SINZKL*( 1.0 - 2.0%xSINKL*%2) - SINZKUF(1,0 - 2.0%SINKU*%?
X ))Y/48.0

AXX = (ICS + RS/4,0)%8 - RC*¥(2.0%ZC*C0SS/3.9 ¢ RT) -

1 (BZUsYC/3.0 - ZIC*DYU/12.0)%(2CS + IS®(ZC + IS)) + (DZL*YC/3.0 -
2 2C*DYL/12.J0)#(ICS & IP*{(Z2C + IP)) ~ (DYURIS*%3 -~ DYL*ZIP*%3)/4.0
AXY = ZC*YCsA — RC*((ZC*SINS + YC%C0OSS)/3.C +

1 RE(SINKL - SINKU)#SINS/=,3) = (DIUS(ZS*(YS*(3,0%*YS +
2 2.C%YC) + YCS) + 2Co(YS*(YS + 2.0%YC) + 3.0%Y(S)) - UZL*(ZP*(YP2
3 (3,0%YP + 2,0%YC) ¢ YCS) ¢ ZC*{YPx(YP & 2.0*Y(C}) + 3,0%Y(S)))/24.,0
AYY = (YCS ¢+ RS/4.0)%2 - RC*(2.0%YC*SINS/3.0 - RT) -~

I (CZUS(YCS + YS#%2)8(Y(C + YS) = DZL*(YCS + YPE$2)%(Y(C + YP)}/12,.5
AXXXX = (2CQ ¢ RS*{1,521CS ¢ RS/8.0))*A ~ RC*{(ZC*((10.,0%2CS + 4,0s
1 RS)ISCOSS + RSE(SINZKL*SINKL + SINZKUSSINKU}I )/ 7.5 ¢ R*((3,0%7CS +
2 RS/73.0)*SINC = RECIB.T) = ((6.0%YC2DZU - ZIC*UYUIR(ZICQ ¢ ZIS*(ZCC +
3 2S#*(ICS + 2S®{IC + IS)))) - (6.C*YC*DZL - LC*DYL)*(2CQ + ZP®(ICC
4 + IP%(7CS + ZIP*(1IC + IP)))}))1/730,0 + (DYL*IP*%5 ~ DYU%XZS#*#%5})/6,.0
AXXYY = (2CS*YCS + RS*{ICS + YCS ¢ RS/6.2)/4.0)%a — RC*(2C*YCx((2C
*SINS ¢+ YC*CCSS)/1e5 + RASINS*{SINKL - SINKU)/2.0) + RS*(IC*(
CCSKL*%3 + CCSKU#*%3) + YC*(SINKL*%3 + SINKU*%3))/7.5 — R*((2CS -
YCS)I®SIND = 2.0%RD)Y/1€.C) + (D2Lx(ZPx(Z2P%(YCL + YP%(3,0%xY(S + YP*
(6.0%YC + 1C.,0%YPY)Y) + 2C*¥(4,0%YCC + YPX(6,C%YCS ¢ YP*(6,0%YC +
L4, %YP)Y )Y ¢ ZCS*¥(LO.C*YCC + YPR(6.,0%Y(CS + YP*(3.C*YC + ¥YP)))) -
CZL*(IS*(7S*{YCC + YS*{2,0%«YCS ¢ YS*(6,0*YC + 1C.0*%YS}))) + ZC*(
4o l®YCC + YS*(6.0%YCS ¢ YS*(6.0%YC + 4,0%YS)))) ¢+ 2CS*(10.0%*YCC +
YS*¥(6.0%2YCS + YS*¥(3,0*YC + Y¥S)))))/180.0
AYYYY = (YCQ ¢ RS*¥(1,52Y(CS + RS/B8.0))%A - RC*(YC*((10,0%YCS + 4,Cx
RSIASINS + RSE(SINZKL*CCSKL + SINZKUXCOSKU) )}/ T7e5 = RE((3,0*%YCS +
RS/73.0)1%SINC + RL)I/B.C) + (CZL*IYCQ*YC + YPR(YCQ + YP*(YCC + YPx({
YCS + YPX(YC + YP))))) - DZUR(YCQ®YC + YS*(YCQ + VYS*(YCC+ YS*{(
YCS + ¥YS*(YC + ¥S1))))))1/30.C

RETLRN

EANC

O~ WN -

NN -

SUARCUTINE TOKSNCITSyAPS, ENSEMTS,RLEYSSLySPLySS24SP2,Uy TORS)
C #*»% CALCULATICN CF THE ¢LACFE SECTION TCRSION CONSTANT
CCMMEN /RCLT/  AC, CCSKL, COSKU, EMTM, IOUT, IT, NP, SINKL, SINKU,
1 Cx(13), Ev(1a)y, YP(14), YB8S(1l4), ZIBP(14), IBS(14)
CIMoNSTICN ENMSINPS)
U = 1.3
TCRs = 7.7
TALEAL = (7-2(1) = ZiE (i /4yssel) - YBRP(L))
XAL = (29P(1) + 2CSCL1)/. .7
VAL = YRR L) YRStz

2OV XN NP WN -

Y—




Ti = SORTLTE2 0y = TRS{L)I%02 ¢ (YRS(1) = VYIE(]))=n))
S = {SS] = SO/ 1.0 ¢ SS1mSPYL)
» %% IANTHOCATTON 8 Taa e FrR Tie SPLINT 2 amMeyTe
«< oz 1
VLU M ND
TE (x NELIT) A T 4R
“M - DMTM
IE INPSSNPY 10, 30,20
10 17 («SLTL.2) xS = 2

AT 4D
20 XS = W< &+ D
77 T7 40
26 vt o= EM{v)
30 «S = xS o+ ]
40 xL = 7PSIKS)
YL = vas(¥sS)y
IF (K JEC.NP) AN T AY
TALPL = (YRP(K) = YRPIK=1)1)/(723P(K) =~ ZRP(K=11) ¢ (2, 0%Fwi ¢

X ZM(K=]1))®(7RP{K}) -~ TRADIK~-1}))/6,0

EM) = FMSIKS)

IF (XS, EQ0,ITS) M = FMTS

TALPU = (YRS{KS) = YAS(KS=1)1/C2RS(KS} = TRS(KS=-L}) ¢ {2.3*(M)
X ¢ FMS{KS~1))*(7RS{KS} = 7RS(KS=1))/6.0

S50 TLAM = (JRP(¥) - XL )/ (YL - YRP(K))

TALPA = (TAL?t & TALPL)I/(1.0 = TALPUY*TALPL + SORT((1.0 ¢ TALPI%%2)
X *( 1,0 ¢ TALOL *%21)))

IF (ABS(TALPA = TLAM) LF,0.0001) GO TN 90

XL = XL ¢ ((YRP(K) = YL )®TALPA ¢ 7BP(K) -~ XL)/(].0 ¢ TALPU*TALPA)
IF IMLLELZRSIKS) )Y (Y TN KD

) = ¥S + 1

KL = KS

tM) = FEMSIKU)

IF (KULEQLITS Y FMYY EVTS

60 K} =
KL = KS - 1
EMy = FMSIKS)
TF (KSLFQL.ITSY EMIt = EUTS
70 N7 = 7RAS(KUY - Z7RSIKL)
nxip = JRSIKNY) = Xt

OxXL = XL = 79G(KL}
YL = DXL*®EYUSIKU) /DT & EMUS{(IXL*%2/D7 ~ DI} /5.0) ¢+ Oxy»
¥ (YRS(KL)}/D? + EMS(xLI*(DXU%=2/D] =~ DI} /6.0)
TALPH = (YRSIKU) = YAS(KL) ¢ {(EMURNXL*%2 ~ FMSEXKLI*NXI*%2}/
X 2.00/N7 + (EMS(KL) ~ FM)I*D7/6,0
G0 TN €0
RO SN = (€S2 = SP2¥/(1.) & SS2*SP2)
TALPA = (SS2 # SP2)/(1.0 = §552%SP2 ¢ SQRTI((1.0 ¢ SS2%*2)*(]1,0 +
X SP2u%2)))
"0 T 100

90 SN = (TALPU - TALPL)I/UL.0 ¢ TALPU=TALPL)
10C Y& = (7RP(K) ¢ XL)/2,0
YA = (YRP(K) & YL )/2.D

T = SORT((ZRPIKY) = XL I*®2 ¢ (YL ~ YRP(K|))**2)

ANT = ((ATAN({TALPAL - TALPA)/(1.0 ¢ TALPAL*TALPA}})/2,0)%%*2

IK = (SORTO(XA = XALYI*%2 ¢ (YA - YALI*®2)}/(1.0 — AN3/6,0%(1.0 ~
X AMG/2C.0)01)

o= 1+ 1y

TARS = TNRS & UK/ 140.0%{{43.02TL ¢ 2T, 0%T)*TL*%2 ¢+ (27,0%TL ¢+

1 3.0%T)wTax2 & UK/6, 000 ( (T, 0%TL ¢ TO0.0%TI*TL ¢ 43,087 #2)4$0 -
2 ((43,C%1 ¢ TOLO*T)eTL + 9T.0¢T*%2)%xSD & UK*(((16.0%TL ¢+ 8,0%7T)*

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
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3 STL - 13.7%(TL + TysSUIASCL + (B,0%TL # 16,0%T)*SD**2 + UK=* 72

4 (0(SDL ~ SCI®ESLL + SUe*2)*(SDL - SDY)Y) )Y 73
XAL = XA 74
YAL = YA 75
TALFAL = TALPA 76
TL - T 77
11C SCL = sSC T8
C #9% ENU CIRCLE INTEGRATIONS FOR T*x3&Dy 79
SIN2A = SIMKURCCSKL - SIAKL*COSKY 30
CCS2A = COSKU*CUSKL + SINKL®SINKU a1
UK = RLE®({140 ~ SINZA/SCRT(2.,0%(1,0 + C0OS2A))) 82
U = U + UK 83
TCRS = TNRS ¢ RLE*24#((3,14615927 - ARSIN(SIN2AII*3,C - SIN2A%®(4.0 84
X ¢ CCSZ2A1)/3.0 35
Icur =1 36
CALL EDGES(ZBS(NPS)Y2S(NPS),SS2,ZBPINP),YBP(NP)4SP2,UKyUK,UK4RTE, R7
X UK,UK) 88
SINZ2A = SINKL®CCSKU - SINKUSCOSKL 89
CCSZA = CUSKUSCGSKL ¢ SINKL*SINKU 90
UK = RTE*(1.0 - SINZ2A/SQRT(2.0*(1.0 ¢+ COS2A)})) 91
U = U + UK 92
TCRS = TORS + RTE**4#((3,1415927 ~ ARSIN(SIN2A})I*3,0 - SINZ2A#*(4,.D 93
X ¢ (CS2A))/8,0 94

* RETLRN 95 -
ENC 96

SURROUTINE BCCCRO{ISINCyXCUT,YLE,2ZLE,YTE,2TE) 1

C ##%% PRINTOUT OF UNROGTATEC CCCRCINATES WITH HUB STACKING POINT REF, 2
REAL INC, KIS, KM, KTS, MACH 3
CCMMCN /VECTOR/ 4
1 BETAS(1,21), BMATL(1l), ELADES(1), CHOKE(1l), CHORDA(l), CHORDB(1), 5
2 CHCRDC(1), CPCO(6), CEVI(1,21), IDEV(1l), IGEO(L), LINC(1), 6
3 ILCSS(YY, IMAX(L), EINC(1,21)y ISTN(2), ITRANS(1l), NOPT(1}, 7
4 NMXCUT(1), PHIL1,21)y PO(2,21), R(2,21), RBHUB(1), RBTIP(1}, 8
5 SLCPE(24,21)y SCLID(L), TALE(1l), TAMAX(1), TATE(1l), TBLE(1), 9
6 TR¥MAX(1), TBTE(Ll)y TCLE(1), TCMAX(L1), TCTE(1l), TDLE(1l), TODMAXI(1l), 10
T TOTECL), VILT(L)y TC(2,21), TRANS(!1421)y VTH(2,21), VZ(2,21), 11
8 Z{:2,21)y 28HUB(L1), ZRTIP(1), ZMAX(1,21) 12
CCMMCN /SCALARY 13
1 Hela, CP, CPH2, CPH3, CPH4, CPH5, CPH6, CPP3, CPP4, CPP5, CPP6, 14
2 CPly CV, CCPy DFy DHCy CHCI, DLOSCy G, GAMMA, GJ, GJ2, GR1l, GR2Z2, 15
3 GR3,y 6R&4y GRSy Hy I, ICCNV, ICOUNT, [ERROR, 1IN, IPR, IROTOR, IR, 16
4 IRCwW, ITER, IW, Jy JM¥, MACH, NAB, NBROWS, NHUB,NROTOR NSTN,NSTRM, 17
5 NTIP, NTUPES, CMEGA, Pl, POAl, PR, RADIAN, RF, RGy ROT,TL,TOAl,TU 18
CCMMCN /RLADES/ DUM(3%), ICL, DUMM(44) 19
CCwvCN /PTS/ FSB(13) 20
CCvrIt /JULARCLY TITLE(LR) 21
DIMUNSTON XCUTH(25), YCP(14,3), YCS(l4,y3), YLE(25), YTE(25), 22
1 7C(28,3), LLe(25)y ZTEL(25) 23
ECULVALRNCE (JL,ICL) 24
J =1 25
Juo: 0 26
e -1 27
IC i 28
17 08 (IR uNr o) gt Te 3y, 29

WRLT S CIWy 2 o)y (TITL ()Y, 10=1,18) 30




*

33 DC 49 K=1,13
CALL INTERPUIXCUT(I)y 14K, YCS(KGIC),ZC(K,IC))
40 CALL INTERP(IXCUT{J) 924Ky YCK,IC)42ZC(K+14,1C))
[F (IC.NE.2) GC TC 8C
Js = J - 2
JF = )
WRITE (IW,202C) (JoXCLT(J),J=0SyJF)
€C DC 70 K=1,13
70 WRITE (IW,2u3g) FSP(K), (ZCIK,I1Jd)y YCS(Ka1J)dy ZC(K+14,10),
1 VCp(K'KJ)y‘J=1le)
WRITE (IWy2.,40) (ZLE(J),YLE(J) yJ=JS,JF)
WRITE (IW,2050) (ZTE(J)Y,YTE(I),JI=IS,JF)
IC = 0
IP = IP + 1
IF (1P,67,2) IP =1
8C IFf (J.EC.NC) GC TC 1CGC
IC = IC ¢+ 1
J=J+1
IF (IC.EQ.1) GC TC 10
GC TC 3¢
16C IF (IC.FC.7) RETURN
JF = NC
IF (IC.NE,2) GC TC 11°
Js = J -1
WRITE (IW,2015) JS, XCUT(JS),y NC,y, XCUT(NC)
G 1C 69
11C WRITE (IW,2C1C) NC,y, XCLT(NC)
JS = JF
GC TC 69
20CC FCRNMAT (1KY /77 1X,58+%* BLACE SECTICN COORDINATES IN TURBOMACHINE
1 CRIENTATICN - L,18A¢4 )
201C FCR¥AY (/7 4X,6HFRACT., 4X,THSECTION,I3,12H FOR XCUT OF,FBae%y
1 4k IN.+2X / 5X,2HOF, 6Xe19HSUCTION SURFACE 4Xy16HPRESSURE SU
2RFACE / 4X,5HSURF,., TXe1HZ gBXg LHY 39Xy 1HZ ¢ BX,y LHY 44X / 14X,
3 SH(ING) el XySRIING)ySX,5H(ING) y4XySHIIN,) /7 )
2015 FCRMAT (/) 4X,6hFRACT, 214X, THSECTION,13,12H FUR XCUT OF,FB.4,
1 4k INGy2X) / SXe2HOF,1X,2{5Xe 15HSUCTION SURFACE,4X,16HPRESSURE SU
2RFACL) / 4XySHSURF. 921 TXy1FZ ¢BXy LHY 99X 1HZ 3 BXy 1HY 4X) / TX92(TX,
3 SH{IMNe) oo XySH{ING) sS4 S5HIINGY saXySHUINL)Y ) /7 )
202C FCRVMAT (/7 4Xy6HFRACT,93(4Xy THSECTION,I3,12H FOR XCUT OF,FB8.4,
1 aH iN.o2X) / 5X,2HOF, 1X43(5X, 15HSUCTION SURFACE,4X,16HPRESSURE SU
2RFACE) / aXy5HSURFy3( Xy 1t2 48Xy 1HY 49X glHZ ¢8XyLHYs4X) / TX93(TX,
3 SH(ING e Xy SHUING)ySXySH{ING) yaXySH{ING)Y ) /7 )
ZCA0 FORNMAT (4XyF4e242X93(2FF.4,31X92F%aty3X))
204C FCRVMAT (/4X, 18HL.Es CIRCLE CENTERyTX2F9.442(22X+2F9.4))
2C5C FCRMAT (4 xy1RHT . Ea CIRCLL CENTERyTX32F9F.4,2(22X,2F%.4))
END

31
32
13
34
15
35
37
13
39
40
41
42
43
44
45
%6
“7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

65
66
67
68
69

71
T2
73
T4
75

17

189




0rostn
0306° 0
0C0s° 0
CCcos 0
000" 0
0205°0
0rQs* 9
0nos* o
02040
000s° 0
00040

JUUHDI/NOT 1))
SSINNTIHL “XYNW

*0

tee(NT) /Y

ALISN3IO Yviddlvw 30QVIA

*0-
Lo
-

QUOHD 411 /0¥0HD

» 1 =
=2 000€ ° 1
1533¥930)
17311 *INV] Aalrarans
INTY NOVAS dll

Geele9l-3¢%061°0

WHO4 ONIRMOTTI04 IKL ND ST OIVIWONATUD 1V 0 D131 54

3SvD 1931 ¥OL0Y v

LNGNT s

sse WYUHIOUd NDO1S3U BOSS IWAWUD ¥U4 Vivy

dHL

L

‘e~ tC- T0- - 1
*0- *0- *0- *5- B
- ‘- "e- G- L
‘0~ G- o -G~ M
cC- co- or- “L- ¢
.- .g- . .p- o
“c- “c- ‘e~ “e- ,
‘0- ‘0~ ‘o= - .
0~ - r- ‘0~ P
‘0- ‘0- .f- ‘0- ”
*0- *e- t0- ‘0~ t
NOT v IO Qlivy 31ve (S 134330 (5334932 Hide
QUUHI/NOLLESNYBL  ONINENL £33N0/ 5 JINT 319NV NOLIVIASU L19NY N3 LIONT INT LAV gL
(*3THVL 3HL NT SOM3Z SONIW SV AV 3IddV THIM SNOTLIMO ¥3WED AW NIVIOHWINGD S3tdviava)
¢ 1NANT SINEVIUVA NOISIO NOT1D3S 3QVv I8 U 419V s
INON (*33W*31°7) 8yy WIOHS °$°S wNWl1d S83tev) J414100m R
NIOHVYW IN1Dd INIOd Ulivy 319N HEEEN
IMOHD SSINNDIIHL *Xvw NOILISNVYL I1vy ONIN¥NG NOILVIALQ ETAPISS
& SNOI10o0 NOILINIS3A INiwd13 3QVI8 [NdAN[ @
"0~ *0- ‘0- Slvte
0~ *0- °0- 2Jlivayr:
06500 06C0°0 0602°C aVINT Y
o%cE0*0 09¢0°*D 0%0.°C LNV LGN
QYOHIZSSINNIIHL *XVW ONDHI/SNIAvY *3°} QUOHIZSOIAYE * 3%
BNH ONV D = dli HiIIM SNIQYY 30 SNOTLINNY INIMOTIOZ FHL 804 SINVISNOI IVIiaJNATId
(211 CuEs*s 00%B*9 ug00*o0l 00%4¥°9 8°2%0:51 GLted
{SIHIND) {SIRINT) LS3IHIND) (SIHIND) twan)
S3av8 307 WOViIS *30% %WIvis 07T %#Iv1S *JUY WIYLES 13248 JEUREL <
40 ¥IAWNN W iovY 8NH IVIXY ANk WILYY dlL wixy dlid IvRI1ivLde T F 0 I P f
¢ 9a8lotl-39508L°0~ + €oeleb0-3T66ET1°0 ¢ Z2aiwl0C~1T62460D- + Je50-3¢9e1°°7 o Lo am 2%




-
=]
it
$47692°0  T20OLECTT 2ZLNGYS  E7%6E00°G- CLENST0°u  ELEINTT0  BLYBLE®D  6SE6IT°0 9§ 0 L . ness* nﬂ%ﬂl/
JCERE270 14159100 102208 5 1%100°G- LCEZBAOD ZNCOET0  $51998°3 68 iedt- .”““uu.w S31oseen Mnmmmw.u o N
CERLTZTC G9tABI0°  §69:59%)  BZED000°U  L669¥00°0 £(C€026°0  TI8SMB'V  26108$°0  w1BGAR®0  Y9LYESD  G69v.s5°L 5 1 )
1776277 €S01800%7  489401°) €67 9000°0 2690200°0 022€%9°0  920016°0 O€LE99°0  206606°0  "248€4°0  O1al6s*e 3 1
CLYOHTTG  LWLTI"0" OviSwL*D  0166000°0 198S000°0 €€LE22°0  £915€6°0  906€21°0  %90S€6°0  902638°0  Talulo®l ¢ 1t
(4902100 A9990T0° - 0k §LLTG 9066000°0 22E€0CO°0- 898IEL°0  989656°0  OT69HL'C  BE96S6°D  nCLL9B'0  9uenivc . 3 1
YAROSTT0 2261007 - £96464°C  10668000°0 1U56000°0- 0SS9E8°0  LOSEHL'O  0S49E8°0  66WEB6'D  S0L¥T16°0  SSIiv.'1 G 1
BEGEOT"0  A¥GLZIIN- 196016°7  945¥000°0 T16LET00°0- 642448°0  58900°1  BI€LLB8°0  $68900°'1  9ISE66°7  16R39u°l o 1|
SULCET 0 €EL2E70° - (y@YEQ'.  $100000°0-~ SIE97100°0- SL1606°0  L920€0°1  T2£€06°0  €6E0F0°1  2»0w86°0  H2/w0°l 1
SUCRITTD nIT6FOC" - 0i6608"°  §412000°0- 1589100°0- €E1L€6°0  S96eSC°T  LRELE6°C  641960°1  €2Zv110°T  6Ehecl*1 2 1
9965CT°0  LBR6I00T- $IVEIBTL  W1DOT00°0- 1969100°0- €EQ196°0  T165820°1  $90296°0  2L6820°T  $9€SE0°1  §96cci*l 1 1
v n aNTS AQ a {10 (P12 (0)30NS  (FDDINS  iT)2¥i38  (f)lvasy £ w3pl
*se NILIVUIIL HIVI W04 SNOANIUA see
|
YT 16°L89 00004 "L cze 9%y 90118 ouvL*L 0%98°5 18
651 °6¢ $2°089 00098°L 094 °60¢ 009 £ g 0L89°L 0LbZ°9 ot
654° ¢ 617999 000€1°9 029°9€5 Ch2* 206 00€9°¢ 02049 5
564°5€ FH*299 000L%°% 090659 0L9° 105 oles ¢ 08L0°¢ T
65L°6¢ 2e°e89 000f6°2 08 v 001°6£¢ 039s°L 0fEneL L
851° sk 66°£09 00025°1 OEE *9Sy 0L8°9€¢ 0%05°L deLety '
6SL°s¢ £6°969 00002°0 095°LEY 950°9€¢ 0cLy*L 0660°6 5
6945k 10°999 20011°1~- ove €2y 052°5¢s 0vwny 0119*6 b
62 °%i 95°699 000€Y *2- o1z%11% 0%2°€€S ou2ZYL 0%14%6 v
66158 ¥9°£69 00026°¢~ 099°€1y 015626 n86¢°L 9219 2
6SL° € 96°00¢ 0002%°5~ 027 61y 0z€*12s 09LE"L 010t "6 t
tvisd) (*¥°930) 1533¥930) 1235/14) 1345/134) (S3HINL ) (S3HINT)
19SS Iud 14n1VeIdndl 3401s A117013A AL1I0T3A NDILY0) sniavy W nAdy
NETLYNOYLS NOTLYNOVLS INTINVIELS IVIANIONYY WXy Xy INLTAYINLS  ANDIAv3NLT
®s V1YQ INGNI NDTLVIS i371N0 es
s€L*22 90°66¢ 00081°11 0 028°49% 02107 2E0Y*s i
060°€7 19°109 00012°6 0 00€°*9:¢ 0150°9 0%0C*9 o
o€ €2 82°109 0001v*L 0 065°219 0801°9 090§°9 6
80¥ €2 06°009 0005€°§ -c 0L5°2€9 0051°9 28969 £
69¢° g2 te* 109 00015 "¢ ¢ 08¢ *549 0901°9 0sse "2 :
116°€2 66°109 00029°1 0 022°0$9 0812°9 9s€L L °
665 €2 $9°209 0002 °0 *0 099°€69 01929 0560°8 S
655° €2 05 °€09 00010° 1~ *c 058°259 0LLE®9 00€Y°"6 »
0§s €2 $1°509 00059 °2- *0 0€8° Y9 0862°9 0694°8 1
265 °€2 €1°209 00018°¢- *C 0Fn* 199 02269 03826 ¢
LI At 00091°§- *0 068°629 09%E"? 2%0v°6 1
(V1S4 (*¥°930) 15334930) 123744) 1235/14) {SIHIND ) (SIHINT)
3¥NSS Jud 1WNLYNIdNIL 34075 AL12013A AL13013A NO11v227 sniavy ¥IHANN
NOTIVNOVLS NOIIVNOVLS INTMY3ULS IVIINIONVL WINy Wixy INDINYIBES  INDIAV3NLS

&0 ¥YiVQ INdNT N011V4S L3INT o




G1§692°¢0 1222.,30% « wivl8%*;  G6J1000°0=- CLITICCC 0~ 95/491°0  £9E6RK°0 B%26T1°0  422L6B°0  ¥90982°0 9L0266°C L3 S 1
9IGRE2"C $€2003C° = 4¥3798°  98)0CO0°L~ 811LOCN0- 98169F°0  9%2896°C 9RTE9E°O 6ELOIBD  BEICOY* O BUDESLO o1 §
9cERE2"C [l el r329¢9° 9030C0L°C- S0CLCCO°0 £692¢6°0 691988 °( PTISCES®C  €21968°0  B2LYE9°0  099%.6°0 3 [
LROOOZTM  80C0I7 0" (LUBOL® $120000°u  200U0NO°U  T1%699°0  Huh6N6'C  QGLY9°0  822606°0 9ULSEL"0 6€£61656°0 (] [
M X A 1000)°0% "~ 32¢99,° T1ICO00LC  GCOCO0CO 0~ 696522°0 992986°0 s Ces2L®n 0%0vE60 cies0eto 96iL10Y Iy $
1890 1°0 §OPCO"%° - SdLSit" 6CY0000°C 2.00CNC°0- €95862°L 189066°Q  LSYBBL°0  L956S6°)  568L96°0  0Ouvs20°1 9 11 .
[ ELLS RE VI L RPN 3 Y T Y YN LLICUO0 L 2000UC00~ 2128€8°0 116286°0  €228€8°0 TY%286°0C  »Zi¥16°0  0SiL90°1 $ 1]
LIS XD s <7 5330° -~ 80261P°0  9010000°C 100C00C*0- 068828°0 1966C0° 1 1€0618°0 $26600°1 CZeEE6°0 098590°1 . 1
£240¢1°C 007 02TCT - MZRseH . $C.0000°0 GUVO0QG°0~ 601606°0 99962C°1 P0%606°0 189620 L9860 0129801 € s
ey rRILCO tnco. 0 LA LY T R 2030002°0 0LO000L"0 O00%%t4°0 Leeescet 1165€6°0 9LEES0°L [BI2RT' M) 820¢01°1 2 1
[T AN 1000320 121299 0€I0000°( CCCOOCO'C R9CIGE'0 €oCHLIL T 16€L56°0 zizeicet TevseQ° 1 296221°1 1 1
v 2) NS AQ wa {F10w (TN (F120% (F121%S (rizviie (Fitvile N T 1Y)
§°Lv20 L oo »2008%° 9081000°0~ T11ICrC 0  Z¢Cen1°Q SHCORG L LI M) 692268°0 “LLIeetn 611260°0 1 L4
EETTIRAL] 8BGO TN 163605 2900000~ $620C1U"0 §2CHYF U 19Le98 [ AR TR ¢ TYL69R") £91269°0 267€E96°0 ot 1]
COURIZTC QL12000C*Y  ()2969°C TI10000°C  BUTDOLL®C  THS2€C*0  §9198:*C  %15086°0  L9ISHB'D JELYER*D  299916°0 6 .
feecgesn 98TV 0% " LR BENC000°0  €200NCNL  Tlageg g E9606°0 6619990 €22606°D aliged®t 096165°0 ® L4
GTIGHTO  STT0D30°T  §PEQNLCT 1J0000°C  £90ACCC 0 16¢SC2°0 ALI9Eb°C L0eSZL0  GEOOFO°D  1125Cu°*0 262010t i .
LY VR R YRR P11 AT FY YRR Z2050000°0~ 6EULGNOO"C  §9cuEl "0 QLOHGH "D 6SmERLC 196us6°y SO6HLIED 089620°1 9 1]
STAGTC £ (00 §9%e61° HOZC00C*C €r00000°0 SIZHEB*0  2C62Be . 2226EB0  FHZ0B*0  »2.%16°0 0sLLvC°l 3 [
AT AR vion{o’ ®J0B1R" 2130002°C  14L0000°0 2¢R8.&°0 eohst L2 X YRR 2264 00 126:6¢6°0 098GV T L L
FTOLTD 9EC02M0° 12 gEet ) {03€C00°0 HlOUOCO'C OUI6CE*D  %9%h 1 6NSLOR0  CUY620°1 J10766°0  D129R0°L € [}
CORCR B RX Y000300°"  «g9eamg” . 0020000°C= 2C€00000°C 10SSER"0 9428601 T1ose6°0  GLEvsC®l Jenl10°1 feceul®l 4 v
corg e Gl FNASERVE FY L T' M 2020002°C - ?ICU0CO L~ 89CLG6°Q  rOULLC"{ teelsb®0 2L28L0°1 Te96€0°1 196221°1 1 »
v H! CLNEY AG " tr)on (ridns (0220% (r)oINs trr2vise (ritesav r u¥3ll
2€96972°0 46000 92I29%°C 26T12100°C 2%&20CD°0 19€§91°0 8% 10HE°C Co2wl1°0C LBSLER*D c965H2°0  TN€C66°0 (% S
1298672°0 9622000 - 251CH¢* " 2252000°C 29TI200°0- 2€6RNE°0  %0Hu96°'C POTERETU 064698V H21564°C  €£9N(98°0 a1 [ 4
LEH12°0 TLRTIDIC - 9929%8°0 {8Y0000°0 9¥HONCC 0= 99%2¢°Q TS LTI "BH0LE"0  GO1988°C CTLYEQ*D  699%18°¢ [ €
sC0192°0 1900°50% - 36L80L°"  6130000°0= CLoC000°0~ OCHS99°C  2.960¢6°. EFL999°0 BGZ606°) CTLSEL*D ¥E6l66°0 ] €
C?6SHTI®0  ©: %0000 - 9699 L° 6L10100°%0~ LE2L000%0~ REGS2L*GC  FIlYF6°L 16292470  0L0%€6°0 ¢02608°0 S640G10°1 L €
LRO0LT°0  SRFO05°0° - D50644°°  AGTOCOC*C G51CCC0%0~ 265864°0 9 28%6°D OhsgBL°C T6SBS6°D L6ULI98°0  419520°1 ] €
w289%1°0 0970420° - I¥eeL*" HZ10000°0= GEICCC0'0- €020¢8°0 NEscke*C 1128€09°C 199206°Q (X ZLAE ] 0sL1%0°1 1 €
KIS XA R 2220730% - GIOMYS® 0210C00°0~- UI1CO00°0~ €PHRLB®0  SL640L"1 CEOBLE®Y  0%¥650D0°1 515:56°0 090530°1 v €
£20061°0  O110500° - 2216k8° 9910000°0- $%00000°C- »CT16I6°L  SI%62C°1 vOO6U6°0  L6%9620°1 59 4360 112¢83°1 £ [1
CO?d11°C  R6003°0°°  §9694°" SS1000G"0~ 6¥Y000C0°C +686E6°0C 182¢90°1 6066 6°0 18€ 501 “wel10°1 20011 2 €
196601°0  95F0000°) 122298°3  ¢900000°C- L1C0CG°0 79Cis6°0  95082C°1 2HELSH 0 €£L2810°) 2Ehst 0% Fobc21°1 1 €
v 10 [ LR A AOQ Wo {r)ony trin. (r o0 (£ tricei3e (r)1713¢ r ¥l
S%1492°0 e 900 - 22TLOY°C 6OBEZO0°C- 1 8v2C3°0- 61elST°0  wEnggy®’ ®25511°0 €9€268°0 11E902°C  12%168°0 1 k4
ZSEBEZT0  YEST000° - GULSCBS"™  €L6%00D°0~ 12210170°N- oE14L°0  RL1I9E*: REGLYED  S21Tu98°0  G2eLb®*0  LDR296°C o} ] 2
192A1Z°0  2LEZ000Q°> 0319¢9°C 1SYZOOC 0= (e 11070°0 9QTELS°0  ®09GRE*:,  AFL0ES°0  BUYCBE*D  SEANED'D  TiGhaso( ) 2
116002°0 I$C2000°°  9LR0: SILNCO0°0- 2LGI000°0 N09%99°0 992606° L25999°0 193¢08°) CLLSEL®D Z0h1606°0 ] H4
LE2681°0  9E61000°° HZE9WL*0  LIBG000U°C- SP6UOLO®0 20SCIL°C £22%E6°:  NofelL . 2Z0YE6"0  6Y2538°0  Si4l10°1 L 4
9290¢1°0 T612000°%  0SLQLL O $€C00C00°0- 2601000°0 @bSARL®O $19B%b°C 269680 (11113 tt6L98°0 £99620°1 9 b4
2L19%t°0 6922000° sTeobi"C 6%20000°C¢ O11000°0 0S28tH°0 H0%2ReEC LAY 313 A1) AZv2BL° LSL*18°0 FELLYL®l s 4
¥25E91°0 2212050°0 €20610°0  v¥»0000°C (%01000°0 &£68i8°0 Re660D°1 E10eL0°C  0l6%00°1 253166°0 To8690°1 y 2
6690E1°0  9921200° e lSER*r 6€01000°0 1290000°0 s$st6C6'0  Olve20°l f9%006°C  §rv620°1 160%86°0  961%50°1 € 14
ST12011°0 29%52000°"- 6216%8°. BLE2000°0 BOZ1000°0- €0SSE6°0  »62€(50°1 ACHELH°0 BLELSCY Jieliol 10011 2 2
$96501°0  0951009°7- @34290°0  60vE000°0 0861000°0- 9001%6°0 #0182(°1 *fel56°0  0626L0°1 tsE3e0°l 896221°1 1 2
v 13 [ L1KY AQ »0 (X T 102 (IS BIR] (F120%8 (F)2tus (YL FET] (r)ivadw r CETE

&N
=]
vl



97%692°0
ALk 2 C
LRI A KN
CheNGZt0
GNEgE°C
seQnat°C
R E2% Sde
566E51°C
$210¢1°2
SEPRTILCC
congCl 0

rsaestg
YHCREZO
KGERATZTO
Cr6702°0
2 f59l%0
LTI R B]
$TRIL 10
235 %1°0
€ 06100
s Rttt o
(96601°0

LE8¢92°0
1bSRE2°0
69€912°0
1+6002°0
LI XY A
*89041°0
$18991°0
9¢ct»1°0
$210€1°0
Lez81t°o0
096%01°0

%i20300°"
h0"03%0°"
1070300°
00:0306°"
noroed3*
0c 030"
1000030°°
1¢503¢00"
00r0I 0"
00700%0°
1070320°3

113

Ge10030°"
«Zn0010°

Lc30000°"
000320
20003207

«0"0IM0°"
*000270°

§0N0IYIDN
101003
102Qi0l"”
10C€9200°0

10

€€10000°2
9120320°°
0200020°
9100000
2V00330° "
0100300°0
60C0000%)
90000000
4000390°"
20C€02330°)
100000070

10

-

-

9: 2100
(2)0R6°C
6)29%9°0
LL480L”
97 €90
dLsLL®0
DoeeL°0
930e10°0
IR LT AN
LA AT MY
(24298

anis

(TN
§1008s°)
6)L989° 7
LLLe0L°0
92€98°*)
[{ LYY
$lvesl C
8006160
1216€8°0
9896%4° 0
ISI¥4] M)

UNIS

tadree
$2008%°0
602989°
9L280L°0
L2€9%L%0
LSLLQ
MWresLC
006180
112111 M
999699°0
FYSY4 ]l MY

wis

8€50000°0~
' 20000°0-
1000000°0~
©000000°0 -
1030000°C
0000000°0
00000000
0000000°0
0020000°0
00000000
1000000°0~

A0

9930000°0~
9000000°0~
€020000°C
0000000°0-
1000090°0
0000000 "
10200000
0030000°0
0030000°C
0030000°0
1000000°0

AQ

1600000

0$00000°0

0120000°0~
1030000°0~
9000000 °0~
§000000°0-
$000000°0-
*000000°0~
£000000°0~
1000000°0~
Q000000°0

AC

1£00000°0-
$C00000°0-
0000000° 0~
€000000°0~
0000000°0-
0000000°0-
000CnNCco°C~
¢000000°0~
€000000°0
0000000°0-
10€0000°0~

w0

1900000°0
Z100000°0
€000000°0
2000000°0
2€00000°0
2000000°0
2C000n0°0
1000000°0
1000000°0
0000000°0
©600000°0

L1

8910000°0
8000000°0
0100000° 0~
8000000° 0~
9000000°0~
$006000°0~
%(00000°0~
€000000°0-
20000C0° 0~
1000000 °C -
00b0000 "0~

na

$62041°0
SETH9E°0
0692€$°0
tlege9°0
69$621°0
€95@9L°0
2128€0°C
068848°0
601606°0
00%%56°0
990.56°0

(F130%

LEZ9% 10
0Et169¢°0
0692€$°0
1lese9°0
695$21°0
€9¢88L°0
2128€8°0
0688180
601606°0
00§s€6°0
8904560

(F120%

1629910
L2169€°0
6842€5°0
015$%9°0
6%94%21°Q
296988L°0
t1zes R0
0688.8°0
60160670
00s5€6°0
29C0is8°0

(0%

CEYLAB 0
1$4696°0
691984 °0
*99606°0
$e29¢06°C
289¥56°0
11e28e°0
196600° 1
994620° 1
L12es0°1
€90820°1

(6301

1€%688°0
06 L89% °C
691989°0
»44606°0
*929¢6°0
Z898¢6°0
118280°0
1965001
999a20°1
Lieese
€908:0°1

(ridix

¥39688°'0
%6489 °C
retees L
F%860L°0
InZNee"C
€898%6°0
216286°0
296500°1
999620°1
LeTes0"1
€90820°1

[ERMIR)

9. s11*0
LLAYA 1]
0150€$°0
SSLY¥9°0
»0E622°0
15988L°0
0229€8°0
€06L8°0
10%606°0
1lesE6°0
16EL456°0

(£)I0NS

182511°0
ART1C9E*0
OISUES° 0
9L ¥¥9*0
aNEL2LCO
1599820
0220€ER*D
150618%0
pOY606°0
1165€6°0
1hEL66°0

(€3120%

L1281t
BRTEI(°C
AOS0ES®O
$SL9%9°0
*0€g2L°0
959Q884°0
022068°0
9€06.8°0
17%606°0
1165€6°0C
16€L56°0

{F)20N0S

9621680
€9L696°0
€L1900°0
622606°0
1y0¥fe°D
195856°0
195206°0
S2660C°Y
Lev620°\
9LEES0°1
2128201

(F121ns

192268°0
€92698°0
[RE1-1 A4V
6220606°0
0¥0%€0°0
L96086°0
194286°0
526400°1
Lavbul
9LELSC"Y
222820°1

(r1dIxs

692168°0
PLYYL LR
cLI9RE L
1€2606°0
290%€06°(
895856°0
294¢R6°0
92650C°1
L8ye2C°1
9L€Ls0°t
Zi2020°1

[ e R }

L15C982°0
Ls1J069°0
8ZLYE9°0
9uLsEL"D
T12608°0
560L98°0
»2Liv16°0
225€56°0
tLove6°0
Cowlt0°1
TEvse0°l

(rrzeia9

L6L982°0
1613690
F2LYES*O
ITL5€L%0
*tzsoeto
5%68L98°0
»2L%16°0
£25:66°0
LL0v86°0
Tevl10°1
1695€0°1

{r)zvias

%$0982°0
261069°0
42L9EQE
ITLeEL0
c1Zs08°0
“68L96°0
»2Lvle®0
~26E06°0
JLo%86°0
Teelly®l
TEvse0®Y

(ricvias

€11Z66°0
€SnE9e°0
099%26°C
6ELT66°0
96¢010°1
0BY620°1
(JYFLINA ]
LWITTYIVAR
olzeyeo°t
820eg1t
266221°1

{r)lvy3e

s112066°0
ESOE98°0
099%216°0
6ELT6L°D
9646101
0geelict
LITYE T L
n96490°1
012y8( 1
820¢01°1
2s6221°1

(r)rivide

eZ1i66°0
»G0E96°0
099%16°0
6t6l6b°0
L3101
08es20°1
05221%0°1
098590°1
o12y80°1
#20e01°1
s6221°1

(F1Ivi3d

NN ENODO O~
-

T NSO DO~ -
- Ll ad

-_-NN N0 ®DC O~

-

LETR

o S N

[

3

COVOODOOOOOVO

¥311

193




N
{900
SkymcC
2rq1%0
RA& 1O
[£T¥ AT
fE82°0
LIYA
441 Bddl
ongetQ
SRR 0

NYHYTACD
NT1°INDY® 4d
b L b A 3 [

)ﬂaﬁnsl
1868, -
8195°¢-
9959°,-
cotey-
922141y~
2168
6998 -
09161~
0040°8-
$062°9-

IN}/SEY
“ONY)

$3d2x04 30vI8 ¥ 301

021

8690 "
L 2% Xohd
$22¢0%°
oRte®
s91C"
totee
Melee:
6§70°3
$10°)
66%0° D

3

PO w

NITYYm
viny

w8Q*C
L9390
1219°C
€180
1ee°(
LNhecg
4290
-924°0
SYHECQ
wL9E°0
LIEY ]

"StS 4 *

1Jved Sv  4dved Sy

CHMICNIW  CNYHI*ADD  *

LT A Y
98919
Bt 8¢ °¢
Iv¢s° e
9998
$52%° 01
ISR
sBls* 1
L5€6° 21
LI4 108!
AR YL 4]

VOINLISED
AR A 1T

L28°949
29L1°08%
*29°9¢s
190 ety
L L AL FEY
[ 4 £ 1)
096° i€y
o 62y
212% 1y
199°¢ 1y
92°s 1y

338710
ALTI0YIA
WL INIOINYY

111 241
IRLe
€299
€19y
yhE*L
LAY
L63°9
¥28°9
vivo
050°s
256

(DL
SYiavy

F01°Les
s09°€yg
SIE° 206
LL9° g
L3 5 117
SL0°9€g
520°9¢¢
(4338111
[4-184 1 31
Lv6*e2¢
12z

3387149
AL120V3A
ixy

LARU RN ]
ket
heBE* C
LT 4 AN d
9896
€9 .$°C
towgen
Sietn
25C¢%° 0
29€9° 0
9969°0

$*S 40

23748

LC6k
s1°0%
v°Ey
59°9y
1C sy
CE 1y
0E° €
vC*ss
e 9g
96°Le
L2tes

19300

3NV 8

lenrug

leev 0 425%0°¢
2e6v*0 6¢2C°2
95080 29t0°2
€450 w110°¢
EeEs *oui2
1666 °0 %600°2
wis*o 190¢°2
e109%0 Eeuo*e
€929°0  s00C°2
1699°0  s600°2
T9%9°¢ €clo°?

Qu049/

{°N1)

“1d°3uv)  Quow)

XVa 42°301  “ouav

6644
9y
%29
6005 °¢
1096°;
6£0% ¢
sivy
ey
0029 °¢
*06€ *¢
0li€*s

1S3MIN1 )

NO11YI0Y

wixy

L2 ‘99 6E "9t 8L°e 9% °0% 1128 11
sl*12 19°0? 80°92  12%2 [ T8I 1] Euhy
16°0¢ (9°0¢ LE°9¢ L6'g L os Y4
86°9¢ 6 °9¢ sI°2y 12°% 11°2¢ or1°*2s¢
L8 1y 96°1e 9t *9y 18y [ 13411 25 %€
sl'ge 91°ge €L°6% g5y €600 25°v¢
£0° ey f0°8y 18°2¢ ge°e 62°9¢ 6795
%€ *0¢ 1€°0¢ €E9°yg L2y LA AN ¥ LS
606°2¢ 11028 8E*9¢  p2°e [T 66°6¢
09°¢s a4 11 S6°LS  €E°y [ 1541 Si*09y
LI A2 1T [T AL 13 €L°6s LYy IYSAL) 8Ly
(930) (930) (930) 1930} (930) (9301
INOD NO 3TNV 119Ny 179Ny INOD "0 319Ny
SONYINO  30YIN°IND  RMUI4*LND *A3Q JTINV' N] 30vIEeND
$e02°2 06 °62 oSt [ A | TYOE°C v00s°0 0§
1266°1 89°6¢ LRS! T496°0  299€°0  UDDS*0  oF
19%8°1 S6°0y a'n 1060°0 €08€*0 3006°0 82
Lyeecy L6°ey €Lee RZ6L°0  €1€9°C  0008°0 81
(11124 (Y"1 ¥9°g R9¢9°D $09%°0 v00%° 0 60
$99¢° 1 89Uy L YRS} FOLE°0  9606°0 CO0S°0 00
6oev't o928 $0°L S20%°0  00%S'C  LODS*0 18
L1991 oe°yg 0%°9 L109°0 82L%°0 000%°0 1]
[ TY IR ] 10°9¢ 02°9 FBYE°0  2909°¢  000%°0 g
b2ve*1 262 10°9 QTIE*0 0SE9°0 000%°0 99
0coL "1 (13411 96°S €€62°0  €599°0 LOOS*D 09
230 (930} J4vH°NUNL  QUWOHD/ JNOHY/
Atlervos IVONY  *W¥ICSeS  INO/NT NOIAVOOT "I071°i¢  on
AN 23570 °938 151 IN3WO3S *1d4°NVUL Hi'wyw °Qv
6%98°¢ *0 E6L°YBY $210°9
0L62°9 ‘0 062°9Ls 1450°9
el0.°9 ‘0 0€9°219 $L21°9
0010°: ‘0 186°2¢9 ECstee
otEv ‘0 096 o9 ES8Y'9
[ YTAN] ‘0 $14°089 18129
0660°8 ‘0 29v°Cgo L9929
otle*s *0 9 e"2¢9 €22y
ovtice *0 €50°9%9 LL82°9
0010°¢ ] (312418 1 L1Ze e
800¢€°¢ *0 s16°629 959¢ "9
(SIHINT) 13387240 1238/713) (S342N]
SNIovw AL19073A ALII0V3A NJIAYD0
ANI WY IS I ANIONYY Tvlxvy Wixy
- memcecrtccccenccnsnnen [ JIN]

cececesecucccmnmnmmncn JFVUYND cocccmmmmee e -

¢s $3703 30VI9 3HL OL 031D3WNDD VIVO iNoNI se

000 30¥10 0INIVIS IML HAIN SNOIIYINIIVY TYNINUIL eee

8°9¢
81°g¢
4411
€8°9¢
16°4¢
86°Rg
fo°ne
L0°19
212y
02°'¢9
L1 34 1

(930)
279NV
MOI4°N

10°0
10°0
10°0
1C*0
t¢°0
19°0
oo°n
€230
00°0
00°0
0L°0

OHd/
w3}

}
1

00°0
Go0*0-
00°0
.o-
¢o°0-
¢7°0-
00°*0-
00°0-
000~
co°Cc-~
00°C-~

(930)
379NV

(1 241
SE°S
40°¢
wLey
0v°y
90°y
L)
€v°E
e
2
962

(330)
399wy

T SONI®S S 9w}

UEs0°0
95.L0°0
$690°0
1490°0
1650°0
*%30°0
074n%0
(331941
§1v0°C
84x0°0
o%c0°0

JuONI/
*Hi*XYN

1€0%°s
ov0( 9
6E(s°9
(LT R
Cest*y
0sEL*L
0§60°¢
Cbtv e
0698
0UB0%e
GyCo e

(S3HIND)

sniqaey

08100
9¢10°0
$210°0
$110°0
9010°0
8600°0
6800°0
2800°0
$.00°0
49000
09000

G¥INY/

*ove*3*y

INIVAVINES

—emaceRrccctm s e c .. an

194



- N 4 N
[Tel
[=2]
=i
ety e L0ty (R LEY R IVAN VLR ER AR VELE] Rl Ll wetn ey LEARE 14 O N 55031 0On*L ']
[ Tea o7 (rers [ I R (TR Y Tlesicr EL LR imerey el 2y Ghy L9001 VedTE ¢
LR S re e N P R Te.70 L%, 16&m)* ™ 18T et kLTS 1N Lof ot LI RN { J0t*E 9
LY 30 IR PN Slets RSN N VA G N OAAN IR LA B¢ 2ot $99°'4y vI60° 2¢00°1 06 9
Ceelt 1Y seeitl) Gl Ses i NI} ves(t ) Joe (Tt (*NT) *h1) (*910) [RA B (*NT) (*ND)
COAMN Gl NN O R YA ar ot Niet " 1 1 1INV “ 1 *IN *IN
1adwy NItaw INTIS PO ML ey v iry NP R MR A | RIS FUIEIN SULVYNT T800) ‘*Uva
RSN AN [ SN 1Vnl Ve dNT 10 SN S NIRRT Lo v [SEFEE LY INTOYS ONIMDYILS NITLDSS 30wl
N AU TRARUY ST ANT L UNTROVIC T D) vl OFBE = S3ICVIH 4 y2dwNnN
oy ARETE RTINS 1 4 n3d0 g ROEDIT VIR e
ser 00 3v10° 905" celu'( X3 S Ny RIYLT A0 L900%¢ 2110t Lo
o en LTZEAE] arope e ILTARN wl. *, ceepe PR 2ioute 05002 L3 PR 60000 corite
k00N 2200 [+24 TR LEZEEd 4 VIV LI TR o nneLen [ATSA 7¢I 0 [elelaliin] 8560501
L1 TEE 1100° ¢ 3706 ERTRVANY LARANAR RN | ‘s, [EENTA 0u08*1 424 ' C $200°. [ BLRS
Pes oo hrdab N [N-T A} ran Ty LT T NI R | b efllte ouneRey tiw *0 241080 L)ooty
Hes 7 £700h"0 PN AR} iwnCO0 € T AR § v RAJCGVRNd [ YR roRTQ e0( . 0Nt
259 "0 {00 [ QAR *y LU AR | b racern rr09° 1 IR T IN 0910 SRR
RO¢ *N LR ] P A (AN Yoot 1 * ELRI L) 00Ny *Y BRI aQane cee-t1
XY 1N 0°0%*! [{'TRVANN IR 1 RN | \LJIO C.(u*1 B RM 24008 sty
$897- %0 AN S0 ISR SE" IR [N S etogn (AR Hee g
137204 tesne [ o 19,00 » roe Sercer MU Jveeen Lrect 1% e
508" 0 o ENICURFERE +§ R TR L LI O LI IN2Ct0 gorrtt vl *C
SQR”*n s100%0- o gott TR R L | e, v TR0 - D w1 tC
YRS L A T St * foTete [T Falet VR T  TR1 TR N (RN
LTTER L2 %0 3 0n® ) PR BT e IR TYL*h= no(wy hy -t Q
€9 "N o0 Y- D230q* L AT RSN . Ive oo [ O SR VR A AR
T T 0000 0- D09 R Lot - o BT wre - N REd e
9630 SC00' - 0706 [ I YRR IVE N e BT S CRARAREI [ . L%
t02°°1 ¢ 0°0 Qe (31 [ N AU SO Panee LRl ot
frL*N A2 Lo0e " Lhol” LASU SN IO T et AR T B AN oC I A [N AW = *Q
09y 91L0%°0- Jroe*o L F TV T e EAA nrTren B A IRANIVAS o Tiv *0
(YR 1I00° - 000ty i QU - e Teti®. LR RN ST KA
€67 fIN0°0-  9410°, Ceel*c core . . 92300 .- St
98100 I*10°D * 8t 10°C L1 R N M LT4 1 w20 hS R A ¢
1{*ND) (*N1) L*N1) (°ND [ (RIS B [N [N tent) (RN
SH aH 1 M P1Y t SH a 1 (]
SILUNIONI0D ¥ *ON NOTLDIS SILUNLTONIO D) ¢ ML S S R N SARYNTGHO Y O N L1158 TereNt ey Y
1$8802°0 PO2000"" ¥60°¢ s L AR N S A VIR TN RT LN (L 26 E 0% eLne St ore (SR et »
$S1800°C +91000°0 J6€°¥s CS0E0°C  seu0dncL Otwll®n JrE ferrte AV N DA RN RIS [
4$%100°0 $21000°3 198°06¢ €51¢0°0  SLCQUOG biscl*? 1720 LY hirg *hy LTt Weket” 2
L101402°0 @OtNOD*O st v 46920°0 1€L0CO° . et C §r20°0 Gttt [ e [ S Gkt ® 1
Qee(°NI)  veel*NY) 1°9130) Y00 1°N1)  Seel°N]) Zes NI [ SN LRSS ] [0 40) [N B [P ]
SSINSITES INVISND) IVIN™ 113 Niwl H ] 1ONY 4 1 SN
151Im, NOISWOL w1135 D% HONQUHE v iuy SIIENICX0NY %) ONTLE N vt au
NOJ 1D 3S NOD1DIS Xow} YIIWIND U SININOW NOELDIS Lo} ¥R LR TN 1] (88 IR E I U UNEXDVLS NJTEDC 3gv
SNL Y9 » YOSSIWAWOD NI INEY ONEWIVLS 40 NOTIVIOY Tvixy vt r SIAVTIH 4 WIuanN
ISVY) 1S31 WUIDN ¥ i S edeigd NOUTLEIAS T3V ee




LLVE R i?%0°0 0006 " 1691°0 6920°¢C 0006°0 16€1°0 2610°0 0006°0 $621°0 6110°0 00Gs°0
are 1o tuen” 0009° 6081°0 et o 0008°0 LI12 4] 0e10°0 0008°0 1zet*o eCl0°¢v 0003°0
1231°0 *°€0°0 0n0L"°. tovl1°0 y52C°0 0000 “621°0 9910°0 00040 6911°0 6600°0 ocoiL*0
L2519 Q960" 009" 09€1°0 622C°0 0009°C 2221°0  64%10°0  0009°0 L011°0  @EOC°0  000%°0
0L 10 (1 H20O°0  J0086°" 1621°0  C020°0 0005°0 6211°0  0OF10°0 0006°0 €201°0 9400°) 0005°0
942 1°0 19203 000 °! tZto 49100 000%°0 1201°0 8C10°0 000%°0 RZBITO €900°0 000%*0
PERR 1610 [ 141 83 2260°0 B8210°C  ~00E°PN c680°0  €ROV°O0  000£°0 ¢182°0 8%00°C  000E°D
GRAC*Y L2100 0002°%0 8090°0  9AOC°C TR0 2%:0°0  9600°0 OC02°0 £890°0 2€00°L  GCOZ°O
LRI B Y O (L goot°C 9190°0  6100°C  wOl°n 9¢60°0 §200°0 0CO1°0 L€€2°0 S100°0 ©CO1°Q
ig» *0 *d- €20 9%%0°0 0000°0 §220°0 2Ev0°0 *0- »120°C 60¥2°0 *0- €C22°0
e ti2o®? .2 $220°0  s22C°v *n ¥120°0 &120°0 ‘0 €02s° €020°0 ‘0
("N {*NT) (*ND) (*N1) 1°ND) (NI NI (*ND) (°ND) t*v1) teN1) t*v1)
L am ) L] CL] 1 SH dH h ] S4 L} 3
S3IPNIQU¥I0D 21 "IN NOTED3S SILYNION00D 1T °ON NOT1D3S SIIYNIQUWD0T O °*ON NDI4I3S SILYNIQUI0D & °IN NDILJ3S
94Es1 °C €63000° . 892°¢y 91040°0 14¢000°0 sLe02°¢ 6980°0 oote“t (1284 1] 6900°0 0c1s"1 008°9 tA
99¢ 19°C €4LI00")  §65°%Y WY 160°0 192000°0 9€661°0 €9L0°C 66400° 1 'ge 5y €%20°0 6800°1 0s0°2 1
tHeZl °0 (90300°) 299°L> €80%0°0 o12000°0 6068T1°C  9%90°0 9L00°1 [1134%) 9e9D°L €103°1 00€°L ot
962210°C  096000°D 29¢ 6y 12940*0 ¢€i1000°0 26811°0 1960°0 8900°1 (X210 1] 1950°. 8500°1 0ss°L [}
Qeel*Nl)  Hes(° N1 {*930) y00i°Ni)  ves i NI} Tee(°N1) (°NTY (°NT) (*93a0) (°NI} (°N1) (°N1)
SSINI4LLS LINVEISNDD 1INV xvul Niwl H 1 ITINY H 1 b kb “ON
1514} NO1SHOL  INTLAAS °9°) HINDWNL v Iuy SIYN. 1.u0D *9°T  OINILL3S SILYNIINO0DD ‘avy
NODED IS N31L1D3S xvwi VILWIND 40 SINIWNOW NOI1J3S NO11D3S 3018 NO1173$ IN10d ONIWIVLS NJ11J3S 3QvIe
Nl J99°9 3 uMOSSIWEMOD N1 INTY ONINIVLS 40 NOTLVIDY IViny 0°9€ = S3IAVIU II WIANNN
35v) 1531 wWOJONM V¥ 40 $311¥340%4 NOILI3IS IAVI0 ee
66105  351C°0  0900°2 e010°0 €010°0  29C0°*2 2L1C°0  2210°0  €900°2 3E1C°0 8S10°C  »9en3°2
1%:0¢*0 L&00°0 9260°C  1900°0 0000°2 $0€0°V  G€EDD°0  0COO°2 98200 1€02°2  0003°2
000U JD00°S €4LE0°0 0000°0 9i08°1 $H€0°0 ‘0 tede°t 31€2°0 00DO°0- 906b°1
1660°N  100°0 ONOG°Y €6%0°0  1100°0C 000&°1 864C°0  5000°0  0008°1 STEC'0  $000°T  Q005°1
193C°0 {8002 ooQe"°\ MN0°0 {300°0 0008°1 699C°C 9100°0 [ DA ] €95°0 L1050 ooue°t
99L0°0  LY00°0  QCOL"1 9240°0 1€00°0 000L°1 199C*0 2200°0 2002°1 1293°0  2200°C 000.°1
163C*0  8660°*) Inoe°t 4180°0 &€00°0 2009°1 ¥5200 5200°C  0009°1 SDL2*0  %200°)  0009°1
§460°0  6900°0  0DO0S°! €800°0C  $900°0C  LOOS*Y ©2BC*0  1200°N  0ODS°*1 1922°0  E€203°0  000s°1
19010 41 00°)  000%'1 9660°0  9%00°0 000%°\ 8480°0  9200°'0  000%°*1 +180°0  DZ0L°D  000%°1
9601°0  5£00°D  0COE"! 1001°C  9900°0 00CE"°1 S160°0  2200°0  0uOE°l $%85°0  *100*0  GO0E°T
9€¢t1°0  0300°*) 5002°1 $€01°0 €900°0 0002°1 £46C°0  9100°0 0002°1 gORN°0  H0ND°L  0002°1
esl 10 3:n0°0 ooot*t 90010 9€00°0 0001°1 2¢60°0 10600 00011 4182°0 4003° 5~ 0001°1
0s11°0  $900°) 0000°1 *01°0 6200°0 0000°1 0S60°0  €000°0~ J000°Y 2L°2°0 9IN3*D- uvo0s*
1€11°0 2900°0 J006°0 {201°C 1200°0 00C6°0 ¥€60°0  6000°0- 0006°0C L6e0°C  2200°0- 0G0S°0
s0t1°0 *5$00°) oone*o (1 A0} £100°C 0008°0 t160°0 *100°0- 2008°0 d€82°0 1202°0- 0008°D
8$21°C  9400°0 000L°0 29%0°0 0100°C 000L°0 9.80°0 9100°0- 0004°0 2020  5200°u- VOJIL*)D
£001°0  1v00") 000%°0 £160°0 1000°0 0009°0 €€00°0 R100G°0~- 0009°0 $9L0°0  6200°u- 0005°9
6260°0 %E00°0  000§°n 4L990°0 %000°0 0005°0 $L.0°0  1100°0- 0ICS°0 11200 1200°0- 0C0<*)
9% 0°0 9200°) 000v°0 €L40°0 2000°0 000%°0 8040 100°0- 030%°¢ 2%93°0 9205°v= 0Q00v°Q
*i0°0 1200°0 000¢€°0 €9090°0 1900°0 000¢°C 4290 €100°0- 000€°C 5L9.°6 022)°0~ 00t *d
6290°0  #100°) 0002°0 1860°0 0000°0 0002°C 9€50°0  s000°0- 0L02°0 3697°0 LA I~ 000D
1060°0 90000 2001°0 9940°0 0000°0 00010 sevC°0 4n00°0~ 000T°0 £0%0°0 L003°2~ coul*0
[ 11404 *3- tl0°0 29€0°0 0000°0 0810°0 bEFO®0  NODO°0- 6910°0 91€.°0 0000°)~- 8s17°0
2810°0 2610°0 0 0910°0 0et0°0 *0 e9l0*0 ~910°0 ‘0 aetd* 0 L1 I *0
1°N1) (N1 (°nl) (*wl) (°N1) 1°ND) (*N1) t°n1) (°ND) (*v1) (°NE) (R 1]
SH aH ) ™ ™ A} SH dan 1 S4 au 1
SI1YNICN0D) - °ON NOLLIJ3S S3IUNIOWODD 2 °"ON NO1123S SILYNIOB00D 9  *UN NDILI3S S31YNIO¥DID §  *ON NOLLJIS

196




A262°0
08%27°0
£952°0
996¢2°0
09%2°0
9t52°0
£0n2"0
198/7°N
80R87°0
e€L N
6830
LD
WH'O
69c2"0
69720
61120
94510
¥281°0
19910
Q6% 1'0
¥ &t 0
ottreo
*060°0
989C°0
19:0°0
6120°0

(°NT)

SH

Teg1”
IsE1'0
[£19 b
€9€1°0
tH13%
€EYE1°0
€2¢er”
LLYA N
L4240
(A4 R
TR 2 B
5111
017D
¥001° 2
»t60"0
I590°0
2L40°0
v990°0
18602
€649C°0
68€0°)
0020°0
9102
3%00*)
0~
8.20°>
LN
dH

SILYNIQYO0D 91 °ON

€20410°0C
08E913°0
9%4610°C
£5061D 0
Qes{*N1)
SSINIIILS

18181
NO11D S

1%20°0
£9¢0°0
2260°0
2216°0
660°0
gsito
[ 243 B
A9%1°0
MW 1°0
610
€L 10
10
weo

*56100°0
£9:100°)
561100°0
0%0100°0
Yool N )
L Z A b ]
NOIsw0J)
N 11338

"Vl

15820°0
0%
3000°0
9900°)
9100
M0
°U20°0
12€0°)
9¢0°0
66€0°2
QZ¥0°)
0€%0°0
1690°)

Iro2°1 9162°0  19501°0 0002° 1 6922°0 K180°0 0002°1
ocsty 9%s52°C 1Lo1°0 00s1°1 0622°0 0€80°0 00511
ooo1"t ctez*o 6L01°0 ao01°1 %0€2°0 6€90°0 0001°1
00s0°1 91920 0801°0  C0s0°1 11e2°0 nyg0°0 00%0°1
o000t €192°0 LL01°0 00001 1eeeo 8€90°0  CoO0°1
00%06°0 *562°0 4901°0 00%6°0 $622°0 1€60°0 00%6°0
0006°0 1920 2e01°C 0006°0 €222°C 02600 0006°0
06870 2€52°¢C 2¢01°0 00s9°0 $422°0 §ne0*0o oose*o
00080 6942°0 9001°0 ocoe°C 60220 9€L0°0 vooe*0
008L "0 2Ev2 0 $L60°0 005¢L°0 e9trzto 9940°0 0064°0
oeoLd 19€2°0 8€60°0 00040 g012°%0 L€40°0 000L°0
00%89° €620 9680°0 0069°0 Z%02°0 »0L0°0 0069°0
0009° " 80220 €$80°0 0009°0Q §961°¢C 99%0°0  0GO09°0
09%%°0 tiece 2080°0 €0s%°0 (- LAR! 9290°0 00$$°0
0ros*” 9002°0 9100 000%°0 2641°0 €8¢0°0 0005°0
00¢s°C SeB1°0  $990°0 oose*n 9691°0 9ES0°0 [+1:11 33}
0008 €2.1°0  0290°0 ocov*o £661°0 984%0°0 000y *0
00sE C oy9t°C 06$0°0 00s€E"0 LT 2 8] 1€90°0 00SE*D
000€°0 6641°0 2%0°0 oot e ¥SE1°0 €LED°O 00L0E°0
QosZ°0 0s€t*0 L6600 00%2°C $2Z1°0 Z1EQ°0  00%2°0
0002°0 $8IT°C  el€0°0 0002°0 fentr°¢Q iL%20°0 C00Z°0
d081°0 etol o 42200 Qost*o $€60°C 6210°0  00sT°0
0001°0 6£80°0 9100 0oo1°0 08.0°0 8oto0°0 0001°0
0080°n 6¥90°0 0%00°0 00s0° 0 $19C°0 %€00°0 00s0°0
6420°¢ 8550°0 *0~ 6920°0C €Es0°0 *0- 6$20°0
‘0 6920°0 6920°0 *0 6s2uU°0 6520°0 *0
(°ND) (°N1) (°NT} (°NI) {°N1) (°NID (*N1)
1 ™ [ L] 3 SH dH 1
NOT1D3S SALUYNIQUOO) ST °"ON NOJLIIS S3ILYNIOQWO03 ¥1 °*ON NOILD3S
o2t 20690°0 150100°0 [233184] 99910 zetnl 809°1¢
(813411 92290°0 L9.000°0 16192°C [ 11 2840 9z10°1 LES ¥E
108 °¢¢ $96€0°C 165000°0 Evie2 o 9zZ1°0 61101 9Ly Le
199°0% 98960°0 L¥9000°0 1%022°0 1€01°0 1ttt 165%°0%
1°930) Yes{ N1} veal!°N1) Tee( N1} (°ND) (°ND) 1*930)
INONY XvWl Ninl H b} 3TONY
INIL123S *9*) HINOUKL vIuy SIIYNIONODD °9°*D ON1L13S
yywl YI1u3N] JO SAINIMOW  NDI1IIY ND1123S 30vOe ND1123S
I98°9  « yOSSIWGNOI NI INIT ONIXIVLS JU NOTIVILTY TVIXY 0°8¢

3S¥I 1531 WOIDW ¥

$200°2
0000°2
29L6°1
0006°1
0008°1
000L° 1
0009°\
000¢°1
30091
000¢°1
0002°1
ooot°t
6000°1

142070
1010°0
0000°0
1%00°0
10t10°0
6910°0
1e10°0
92200
*620°0
W00
Qe0°0
1620°0
1620°0

1002

42200
0LeQt0
8svu°0
9190°0
19100
8€60°0
12010
9.11°0
"21°0
ee°o
29€1°0
€0%1°0
oietco

4L61°0
3661°0
6002°0
L1020
81CZ*0
$00¢°0
1861°0
E981°0
(11284
v661°0
9%81°0
16L1°0
6ZLt"0
Ig9t’0
6L161°0
B6%1°0
01v1®0
11€1°0
o210
L601°0
?460°0
1ge0°0
s1L0°0
5L5°°0
9050°0
8%23°0

(N

S+

1680°0
9090°0
2190°0
$190°0
€190°0
8090°0
0090°9
88500
¥L$0°0
L§60°0
9€60°0
2160°¢C
$6890°0
95%0°0
$240°0¢
06£0°0
€eE0° "
*1€0°0
21200
12200
osto o
tetocy
0800°0
9200°0
*0
8%20°0
t°NI)
L]

SILUNIONIID €1 °

99910 2101
[ 32 Sl 9101

L 144 44 6110°1
1€01°C 1ot
{°NT) (°NT)
H A
S$31vN]1I¥0DD

IN10d 9NIMIVLS

= $30vIE 4D ¥IAWNN

40 S311¥3d0Md NOL SIS VI8 e

12200
€800°0
0ng0°*0
€€00°0
0100°0
£010°0
2€10°0
9¢10°0
9L10°0
0610°0
6610°0
€020°0
0020°0

1600°2
0000°¢
*Z86°1
0006°1
0008°t
00041
0009°1
oL0s°1
000%° Y
000¢c°1
0002°1
0001°1
0000°1

€123°0
95€0°0
6200°0
2183°0
*2i0°0
LS80°0
$160°0
8%01°0
811°0
Q210
0s21°0
L921°0
L2t

€120°0
@900°y
0008°0
€200°0
0990°2
0L00°0
0600°0
9C10%0
81100
L0 o
1€ e
YET10°C
1210°0

0002°1
oost°1
c001°1
00sC*1
0000°1
00$6°0
06006°0
00s8°0
0008°0
006L°0
0002°0
00s9°0
0009°0
00$5°0
0005$°0
00s%*0
000%°0
Q0SF°0
000e°0
00§2°0
0002°0
00%1°0
0001°0
00§00
- 9%20°0
‘0
(°N1)
L]

JIN NO!1D3S

0se°¢ L2}

sLnte [}

o0x *9 vt

0§5°9 (41

(°N1)

"201% “ON

*avy

NJ11735 30vW

15002
<[ D lohd

vvg6°1
00051
00ce "1
00041
0009°1
0005°1
000%°1
oot * 1
0002°1
oocotr°1
0000°1

197

P

ey




s

tsen $tet°0 00¢e -0 J68e° D) 2g12°0 0oShC cLEE*D [{: 78 8d/] 00St°0
S9€°0  €8L1°0  0006°0 9€8E°0 76G2°0  0008°0 ZELE°O0  %91°C  000L°*Y
80%€°0  €~21°0 0058-0 L9LE°0 Z2902°0  0068°0 6ddC°0  LE91°C  Q0%8°0
GEEED 91D 000B°O 1897°C  €861°0 0008°0 Y1260 2661°C  0008°0
€62€°0 €910 00sL* 0 L8¢E°0 y161°0 00sL "0 2et¢co0 (143 &) 00€L°0
e1¢°0 Yy s1%0 000L°0 [ Y8 1 ] LE9Y°0 00040 9E0E*0 112 R4 ¢ 0002°0
§90:.°0 2081°0 00$9°0 16€€°0  TSL1°0 00690 sE62°0  CIvI*O  0089°'D
Q2670 [ 242 84" 00090 912e "0 Ls9t1°0 0009°0 1282°0 L {13 0d] 0009°0
€6L/°0 (113 84 00¢5°0 190¢*0 »8$1°0 008§ 0 v692°0 9210 006¢°0
£49:°Q 0*21°0 000%°0 i062°0 t4 1204 ) 00080 £€6e2°Q L9111 L0050
6897°0  LE11°0  o00SY'O 22120 TZET1°0  DOS**O CO%Z°0  TLOLI*C  006%°0
(31544 92010 000d°0 6262°C 26110 000%°*0 6€22°0 49600 0000
STIZ°0C  €060°0C 00S¢°0 12€2°0 €S01°0 00¢E°D $602°0 9680°L  0CSE°*0
8261°C  €040°0 000E°0 001Z°0  L060°0 Q00E°0 9981°0 @€L0°0 000¢°0
S1LL°0  DS90*0 00S2°0 L981°C  26L0°0 00%82°0 7991°0 €190°0 00§2°0
S%1°0 1160%0 b002°0 L1910 58600 0002°0 o6%1°0 2640°0 0002°0
9SL1°0 49¢0°0  0051°0 €SET1°0 81%0°0  OUSYI*O €221°0  ©%€0°0 00S1°*0
6001°Q 11200 0001°0 LL01°0 6€26°0 [+ 1] ] $960°0 1020°0 0001°0
¥9L0°0  2500°0 00%0°0 1840°0 €%00°0 00%0°0 1€40°0  150Q0°0 0QO§N°0Q
£€90°0 0~ $620°0 €990°0 0~ $0€0°0 22920 ‘0~ 2620°0
$620°0  $620°0 *0 $0E0°0  <0ED°0 0 26200  2820°0 *0
(*N1) (°NI1) 1°N]) {*N)) (*N1) 1°N1) 1*%]) t*N]) {*N])
SH &R 3 SH dH 1 SH N k]
S3ILYNION00D 61 °*ON ND11D3S SIAYNION0ODD BY *ON NDILO3S $31YVI0N00d L1 *ON NOI11D3S
ZI6L10°0 1821000 €99 °92 22690°0 ©29100°0 480220 €L02°0 o€cto0°1 oss*eL2 €L02°C 0E10°t 0€s°s [}
6IES8T10°0 001200°0 016°92 991.0°0 #601200°0 64182°0 9%¢€2°0 s110*1 16€°62 L 14 T-2d) stto*t 0s€°’s o1
61LL10°0 €0BT100°D  §2Ty° o2 02890°C 9(9100°0 19992°0 9i61°*Q ZE10°1 L1e°82 9L61°0 210y 00%°¢ 13}
Osei*NI) sesi®N]) t*923m voe(°NI) ees(°NI) Zes (*N]) (*NI) (°NT) (*930) (*NL) (°ND) (°ND)
SSINIINLS INVISNID 39Ny Xvwl NIwt H 3 30NY L] 3 *307 ‘DN
15ing NOISHOL  IwMTLL3S °9*) HWONOUNL v3iwy SIIYNIQN00D *0*) ON1LLIS S31YN12NO0DD *avy
NOILD3S  NOIBLIJIS Xvwl VILWANL 40 SINNOW  NOT1D3S N31123S 3qve NO1193S ANIDé ONIWIVLS NJ119235 30v1R
SN1 J08°9 = YOSSIWENO. NI INIT ONINOVIS 4D NDILIVIOTY Ivixy 0°%€ = S3QY18 32 ¥IVNON
ISY) 1531 WOIOW ¥ 40 $314Y3d0¥d ND1LJ3S 33VI8 «¢
4€0°0 41802 (24 134 20t 0’0 ¢o€0°0 €066°1 8620°0 8A20°0 31124 2eLe3*Q LTG0 9666°1
6890°0  0000°0 90e‘!? 4690°0 0000°0 00%6°1 €650°0  0000°0 6996°1 566C°0  QOOD°C  ses6°l
2690°0 00000 08§61 99900 9100°0 0086t £990°0 L2000 00sb* te9rto 82000 [\TI 4.9 ]
6050°0 0910°Y  Q00¢°! €260°0  $%10°0  uwoOB°Y 1560°0 ©CZ10°0 QO00&6°1 LBLD®C  26ND°0  0ODS°Y
€S21°0  2260°0 00€6°! 9CII°0  €920°0 00s8°Y 1€01°0 2020°0 00s@°1 6260°0 2610°C  QOsB°l
T6Y1°0  89%0°)  DOOE"1 26€1°0 11€0°0 0008 ®611°0 1920°0 0008°1 “901"0 6020°0 o000f°l
SW1°0  0090°0 Q0O8L°t $I81°0  1200°0  ODSI°Y BeEYI°0 T9€0°0 O0Ls2'! T611°0  192¢°0C 00s:°1
T0LT1°0  6120°) 00041 ¥91°0  1950°0 coCe°t I8%1°0  6290°0 OODOL°T t0E1*0  OTE0°C  0COL°*1
4202°0  L200°0 D0$*°! E20T1°0  #990°0 0Cs9o°t 8091°0 26%0°0 00%9°1 5091°0 §9€0°0  0089°1
L€22°0 2280°)0 800%°1 8$61°0 e1L0°0 800%9°1 9Ltto 64¢0°0 Q0091 60%1°0Q 96€0°0 QCGo°y
1262°0 2001°0 206¢°! §402°0 €010°0 005¢°? 9Z81°C  1090°0  00ss°*t €6S1°0  9EH0°0 COss°*t
sv2°0 2801°0 000%°1 [ A2 Ad"] *4€0°0 acos* qtel"0 L990°0 000%°1 14910 89%G°y 0cost
10920 Le11°0 00se"° 1 9222°0 968C°0 00se°l 2002°0 8990°0 00se°1 *9.1°C  86%0°D 00sy°1
%o2°0 €2t 0 900v°! 9€ ¢ 1460°0 000s°* 1 020 »2L0°0 000%*1 J181°D 260y [l Rl |
[ 7Y% 44 ] os21°0 008¢ 1 [ 1423 ] 0R60°0 00sE Y st1z*o $sL0°0 ocse*t {6510 [ L1704V 00sf 1
Y€0T°N  BB2T°0 000C°t $0%2°0  2101°0 00OE°1 88120 1840°0 pCOC°1 202170 89%0°. €01

;W0 HIE1°0 QOS2 YESZ°0  0E01°0 UOE2*Y 2€22°0  2080°0  QOseZ°1 s9A1°0 w3600 0052°1




199

16€8°0 L1 €67 lee8°C S€25°C L666°C 091¢°0 ¥ILINID I3TIyED °
6999 - §5906°0- 99$8°C~  CLEy°C- 1198 (= 0Ly 0~ ¥3IINGID 371D °3*T
7%4 Ak 90550 “€96°0 yols°C 92v8°0 (13134 £996°0 (228 24 9698°0 ¥§28°0 $296°0 2409°0 oot
avwLt 0 EL6n*" S892°0 899 °C B8$L°0 *185°0 1eLce 2555 °C SS9L"C 6ELY®°D 9201°0 66%%°0 €60

- 2829* i€2e*0 2849°0 tepen BLe9*o €600 9969 Znletn (YL 2 0] 922%°0 2699°NH 169¢ %0 900
To69" " voke °0 9928 °¢C 1262°C 2s08°¢C 6L2¢8°C } [R2: 7440 “01%°0 €e2€°0 §L€5°0 4uBZ°0 08°0
162€°0 Lse2°n ZE9€E*D 16L1°C [ 321241 1422°0 9LIF N L9L1%0 9BEE°C pEeZ*o 669€°0 €9i1°0 [ TR]
29610 [S 1R ] 103 MY 91Ld°0 9291°0 §921°0 £861°¢C sl 8s91°0 £921°%0 y661°0 81L40°0 09°0
Tel0° (- ¢0E2°0 $L20°Q 3€€0°0- 0600°C~ €620°0 *L70°C ulto*n=- 83C0°C- 9820°0 €420%0 Zely°0- 0§°0
0281°v- €E€LO"O~ $291°0~ Z9¢1°C- €Cet°0- cli0°o0- 4§91°0- 2621°0~- Z6L1°0~ 669C°0~ €9v1°0~- 6621°0- ov°d
§Ce€ 0~ 1Lt 0- 991€°0- $9€2°C- €1ge - 8l1°0- Yol1€° G- b§2¢°0~ »1G€°C- 0691°C- $12€°0- 6L72°0- 0€°0
981"~ §282°C- y9Re°0- RZEC°C~ 022%°C~ 0OLL2°0- 186%°0- L618°0- 2€25°0~ %892°0- Teey°*0- ' le°C- 020
6289° )~ H#99€°0- 3929°C~-  0BOY° O~ $849°0=-  €o5E°0- 69€9°(¢~ 96t C- 6099°0- 18ye°0- L0%9°0=- AYgE°0- 1494]
€0LL°0- 90¥»"0- 2284°0- 12lv°C- LLLL*C- SE2Y°O- 419L°0~ Lo%%°0- ZIL°0~ OLIv°G- Z99L°0~- 099y 0- $0°0
1968°0~ V¥€b%°0- $099°0- 69160~ 8298°0- €91%°0~ €1ce°C- 286N~ 0196°C~ 119%°0- 208°0- luB¥°0- ‘0
(°ND) v L*ND) (°NL) (°N1) (*ND) (°ND) (NI (N {*ND) (°ND) (*NIT}

A 4 A 4 A 1 A 7 A 4 A 4 *4876
3JIv401S IWNSSINud JIv4uns NOLLINS 3Jv4¥NsS IWNSSIud 3Ivduns NULLINS 2Iv40NS IUNSS Iud 3JvddNS NOI1LINS 4J
N1 006C*6 40 170X ¥I4 € NOILIIS NI 00C€°"6 40 1NIX ¥04 2 NOLLI3S NI 082%°6 40 4TIx ¥O4 T NJILD3S *1Ivud

ASYD 1531 ¥WOL0N ¥ ~ NOTIVIN3 LU0 INTHOVNORENL NI SIAYNION0DD NIITADIIS 30YI8 e
09€0°0 0%€0°0 2e96°1 s€elC 1111244 su9s°t
6090°0 1200°0 0066°1 LSE0°C L16E0°D €9%0°1 £99C°0 906N 00s6°1
$600°0 0000°0- Z6l8°1 0680°0 0QuD°0- S0l8°1 98,0 0003°0~ o6yE5°1
2901°0 9110°0 0006°1 €001°C 910C°N 0208°1 sE01°0 8E1C*y 00061
€2yl 0 L2 0gse°t tor1*C AvEC C cuset LIS ] 1L€0°0 0os€E°t
0seLt°0 90900 0008°1 Y681°C [ X711 Ad 4 oocoB*1 2691°0 8LS0°L 0008°1
9402°0 908C°¢ oosL 1 2e2¢ L ft60°0 ocset 5961°0  294C°0 [JJTRa
9622°0 9960°0 oocLt 69620 sl N oone*t ELe2*0  §260°L 0002°1
0282°0 €910 0069°1 6(082°0 Foglc0 0089°1 §1v2°0  9901°0L 00s9°1
i o810 00c9°t 1%Qe°G *151°0 00091 §09¢°a §6tll°y 00691
1892°0 00%1°Q 00ss°1 1eZe o 0991°0 09ss°t ¥l 0 Ve 00ss° 1
$E0€° 0 £081°C 000¢° 1t $6FL°C SALT*O oQos*t v (62°0 2Co1°0 J005°1
£91¢°0 1es1°0 00%e 1 333044 1641°0 (G911 B 62080  9EYI°C 00ss° L
s12€°0 $991°0 0coy* 1 299t °0 fL61°0 0u0s "1 Lele°o L2125 [+ LA
19€€°0 9LT°0 00sF° 1 $S4L°0 8%02°0 00sE°1 1eeeco 219170 cCse°t
2E%€°0 ®iL1°0 000€ Y 1€8€°0 »012°0 00CE®1 0628°0 9%91° - NeoL *Y
s00€°0 1191%0 0062°! 069¢ *0 (12 C40 oos2*1 99€L°0  £691°C 00s2°1
WeE*0 L€81°0 oooz°t (111 840] A0 o002t %8€8°0  8ULT*C 0eoeZ*t
*%8€°0 tss1°0  oos1°t §96€°0 L8%2°0 gos1°1 1te€*0  €€L1°0¢ 00s1°1
€95¢€°0 Ls81°0 0gotl°\ 096¢ "2 06120 Qoot"t 12%€°C  6€L1°V coctt
096¢€°0 Te91°0 00so*1 266€°0 (4 RS A 000"\ J2vE0 9ELL1C0 00s0°1

S95E°0  9ES1°0 0000°% oteL°0  T91Z°0  0000°% L0%E°0 €211y 000Ut




LI PN %299°0
eELL* - te13°C-
[ 11N Z8L3°0
[ Y45 AN [ X4 8 Ml
treg e €0r6°C
LZ4 8 2 L2931 244
0¢92° " (31T 44
QY- n9s 10
26e0% - wa2tD
91" - B02°N-
ONEE™ = 2200
Svgy (-~ (9L X S« B
2509° -~ gveQ-
-} FREIEN T IR RV 1
€96.°0- l106%°0
[Rd 3] (R R ]
A ?

IV 4808 JWNSSINY
Nl 00s8*e 4D 1M

(HeL*0  9¢s5°0
*0T70°0- 2266°0-
LA TYRN ] v.09°0
*169°0 T698°0
098s°0 813%°0
€06%°0  £6LE°O
1862°0 10920
€2€1°0 tsv1°0
0%20°0C- &1€0°0
6901°0- »290°0-
¥69€°0~ 22610~
9606°0~ STIE° 0~
1E€9°0- 650v°0-
LY%L"0- 0684 °0-
*929°0~- L€v5°0-
(R} 1] (N1 )
A ?

3Iv4NS Junss e
*NI 000C°®

’9E(C
eZie*y
e
(R "
(111 8]
ttetto
12600
dtvto-
[4 31 S\l
€0t °0Q-
e 0-
*829°0-
29 °¢-

[ 1 0]
A

LY 2 Ad-]
22190
[ L A
1 11184 ]
Loleco
E40°0
2960 °0~
s101°0-
020 *0-
titeo-
2606°0~
3646 °0~
€90~

[ 10 ]
?

3IvIuNs NOTLINS
904 ¢ NO11I3S

089:°0
11 ] FRial

LeeEL*o
9969°0
4088 0C
26200
99L2°0
w2 C
*0€0° 0~
9%81°0-~
9%eE 0~
9Zev° Q-
9%19°0-~
e 2L 0~
100¢°0-

(°NIE)
A

ISYI 4534 wOL0W ¥

6986L°0
s92i°0
+€29°0
$€06°0
10%€°0
dE6T°0
»2E0°0
Lot10-
1962°0~
5E9y 0O~
po68°0-
6tL°0-
29080~

(31158
6E15°0
(22404 ]
6ili‘0
2et°0
91400
[ L2724
1161%0~
1292°0-
L2UC 0~
1433124
8E2E° 0~
TLLe° 0~

t*N1)
1

A
Av4UNS NOLLINS

40 41NOx 404 @ NOLADIS

¥08°0
0920°0-

2%64°0
*»wiLeo
01090
0liv*0
140¢€°¢
i€01°0
*020°0~
t981°0-
9.9¢°0-
*016°0-
*099°0-
0%61°0~
06€0°0-

8L€9°0
9%65°0~

€90
00650
020s°0
L1080
wieo
*€s$1°0
80€0°0
*16C*0~
9¢124C-
LSEE "0
tE€v 0~
99150~
¥ (60~

(*NL)
4

3Iv4NNS 3WNSSINd

‘41 0008°¢ 40 in3x

99(%°0
9665 °0~

$L06°0
11€5°0
*26%°0
0€9% ‘0
sis2 0
{1et1°0
e1€0°0
6920°0~
2061 °0-~
020¢ °0-
o166 "0~
$04%°0-
9925°0-

{°ND)
4

A
FIv380S uNSSINd

‘Nl 0088°90 40 1NIX

86%1°0
8269°0
(L65$°0
b98e°0
90%€°0
lst1°C
28£0°0
©s11°0-
€622°0-
Y40 AR
9%45°0~
*€6%°0~
€8i1°0-~

L*ND)
A

$%29°0
165N
€160
L1314 Rl
9€02°0
82.6°0
824t °0-
SEL. 0~
6632°0~
L10%°0-
LLRY* 0~
%096 °0-
6G19°0~

(*N1)
2

3Iv4¥NS NO1LINS

¥3 8

0s18°0
$0%L°0
dv€9°0
91160
$96€°0
Gy61°0
¥0€0°0
gsetp-
Ceoe 0~
6249°0-~
20190~
*1€L°0-
$018°0-

(°K1)
A

NO1133S

1L9L*o
Lo~

94610
09tLe°0
169%°0
£999°0
1182°0
$0€1°0
€l20°v-
0s81°0~
92%¢ 40~
%669°0~
9929°0~
SYEL 0~
4218°0-

(*ND)
A

1st9°0
18060~

1629°0
2695°0
198%°0
»OBED
9892°0
9681°0
91€0°0
9980°0-
1602°0~
geZet Q-
8gly°0-
020%°0-
v19¢°0-

(*ND)
1

3Iv4¥0S 3¥NSS 3vd

*NI 00s0°8

40 i0dx

¥34N3D 371D °3°)
¥ILN3T 31D 3

€08L°0 2C09°0 00°1
§01L°0 443 Y $6°0
8019°¢ [-31% M) 98
996%°0 fa2i®0 08°)
»S¥E*O 8i61°0 0L°0
TG0 12L0°0 0s°0
0%$€0°0 vy "0~ 05°0
26ZT°0~ $$91°0- [ ]
2882°0~ €w22°0- 0€°0
5€5%°0- OLi8t°0- 02°0
288$°0- 60L9°0- 1°0
1202°0~ 61%5°0~ $0°0
L26L°0- wle5°0- *0
(°ND) (°ND)

A H b 1 13
3Iv4uNS NILLINS 43
W04 & NIILIIS *1dvy4

- NOTAVINITHO INIHIVWOGUNL NI S3LYNIQWODD NI1123S 30Qv1e

82960
8L69°0
»g0%°0
180¢°0
8481°0
*1L0°0
01%0°0-
€0s1°0-
¥9¢2°0-
166€°0~
LGEY°0-
¥906°0-
L5670~

(*°ND)
H

3Iv48NS NOILINS

o4 §

NOI1D3S

1028°0
19¢€8°0~

6118°0
00€L°0
89190
12840
991e°0
Qas1°0
6910°0~
€EBL*0-
28%¢ 0~
8%16°0~
6949 °0~
¥29L°0~
L9%8°0~

69¢5°0
$226°0-

8996°0
v15°0
BLEY*OD
218€°0
8€e2°0
$LE1°0
[431 0 ]
0940°0-
e€e1*0-
€262°0-
E6L€°0-
9569 °0-
zZ0t1§°0-

(°Nl)

A 1
3IV4ANNS NSS3Nd

*N1 0008°8

30 aNIX w03 ¥ NI1ID3S

WIINID 31D *3%)
¥3INID 3 INII 3

$628°0 8s¥35°0 00°t
ZesLto 0cav°0 §6°0
0sv9°0 I96€°Q | [ 3]
Z6l1s°0  €C0€E°0 08°0
085€°0 LEBL1°O 0L°D
(g6t1°0  <140°0 09°2
oeZ0°0 €LE0°0~ 0§°0
TeE1°0- ZEvi®o- ov°0
160£°0- 2942°C- 0€ °0
608¥°0- 09%c°0- 02
1619°0- %e2v°0- e1°o
0294°0~ %664°0~ €0°0
00€2°0~ €5€5°0~ 3
[RL10] (°NI1)
A ? *4uNS
3IV4UNS ND1IINS 3]
*1dved

L

200




Vhe et bl 3 I
L L A T A
D K Sl Xal
AT S Chglt
TRIE” Ter st

1652 Teuswe
RSt ( Wl
YEIaK LR
L AR e A
PR RASEEEEFA S0 B B
PR N o1 e
S A Y 1L

TIlst 0~ T340
2623% - b4V -
(S ¥R O
(N1} N1

A 7

SIVAEN INCSS 44
NI 0siC"9 4 1Y)y

£19° 7 XLY R
LIS IEEL VR At
29K 46" ‘EQL*0
96¢6° ¢ 19630
Iheet " £6L5°0
Levgt IBsv*L
wZ22*%¢ COYF 0
£260° L 12 R
9NeC*0- (L 022°0
09410~ 2ell°0C-
LE1E* (- 6lg2°C-
2E€e"° 0~ (€6€°Q-
6$99°0- 0€10§°0-
£$99°0- (€65°0-
99€L°C-  9659°0-
{°NT) 1°NE)
A

4
3Iv4Ns JuNSS3Iwe
‘NI 0008°9 2

AR A
PR AN
PR T4 A4
ALYEN
“Ee2t
123 )
LI AE
IR0 -
vzl -
1tze -
L1 2472
958y~
1889 0~

1°ND)
A

FEE=*C
[ A
*{Cy*Q
CELIAE:Y
Tiete
M 1P AN
LEBI U~
919 * 0~
1688 *0~-
<928t~
te22°0-~
et o-
189 0=

(NI
?

1Iv4uns NNLLINS

804 $1

NUT1D3S

[SANR
(9¢9°6-

CLB%"C
[(S1L 04
agee "
Ziv2*e
18810
[ 740
T¢nC G-
2991°C-
ulez*C-
02y 0-
$66°0~
£y23°C-
INe9° -

(°ND)
A

VD 1531 W040w 7

I869°0
2166°0
10¢s°0
iite*0
ISVE D)
»161°0
LRS00
32000~
30€2°C-
29€€°0-
t1ig°o-
3929°0-
»104°0~

teNL)
A

[X1TE]
Liv9*0
8ils°0
BLOE"D
v2€2°0
L{Ltc0
58920~
0012 *0-
LTYE G-
199y ° 0~
JE95 °0-
OZ®»9°0~
29690~

[ 1R
L4

3dvduns NOLLEINS

X 404 21 NOTLI3S

2199°0
96€L°0-

€0EQ° 0
13YE 3]
U0
$E€4E°0
0RE2%0
1001°0
$6£0° 0~
96L1°0-
~1Ze*0-
€899 °0-
9C8s°C-
t2e9°0~
9962 °0-

{*NT)
A

»516°0
LYILo0-

IR26°0
[JETRD]
1229°Q
BLES O
be2¢°0
£991°%0
0600°C
el t0-
6582 °0-
FREE AT
s a0~
HEEY O~
290L "o~

(°N1)
?

3Iv4unNS 1uN$SIvd

N1 000€°% 40 1NIX

9912 °C
99%9°0~

82€L %0
C099 ‘0
BESS "0
0%9%°0
£20€ 0
c291°0
8420°0
801t °0-
{992 °0-
TLie °0-
2289 °0-
€€L6°0-
blEY °0~

[ Y B
4

FIVINNS 3UNSS I¥a

*N1 00%0°L 40 102X

GEFS°(
wener e
LLs%*Q
BELEC O
qore*C
LtYe1%0
L6200
1e50°0-
gemleC~
£I9€ 0~
999% "y~
06Ls°C-
2189°C-

(N
A

[ YRl R o]
totete
wilse e
L62en
Ligen
nigcer
SeLN 0~
L1520~
SwlE -
HiNg 0=
LcI*C-
L689° (-
Sow LN -

{°ND)
2

3IVIeNs NUTLONS
¥U4 o1 NOTLOES

9¢LL9°0
Le29°(
U%%s°0
6BY®* D
$E2€°0
01610
L1580 ¢
0%60° (-
29%2°0-
91090~
LbZ§°0-
€Ev99°0-
w0 o-

(°NT)
A

= NOTIVENITB0 INTHIWWOEUNL N1

Lecen
€o29en
bargtC
YBLESE
Ev22°hn
k920°0
249¢°0-
66610~
[4.34 Bdatd
GLSR 0~
9¢9e°C-
2C€29°0C~
el9°h~

(*ND)
7

4IV480S NO11IINS
W04 TU NULLRDISES

°N1

09960
9669°0~

(E9s°0
He8%*0
CYAL A1)
2226°0
0s02%0
SESN'O
s195% 0~
Jritee~
9€0€ * 0~
J6€E%°0~
1694 °C~
9999 -
5911 °0~-

(*N1)
A

*Nl 0056°9

60690
GLseco-

6%L9°0
16090
cL0s°0
296E°0
12420
8801 "D
09¢L 0~
o181 0=
$9TC Q-
LT8R A2
$€69°0~
1L69°0-
11240~

(°N1)
A

RO8L*0
66%9°0-

856L°0
bE1L%0
1099°¢
»¢i%°0
E21E%0
9%81°0
¥510°0
C0ET*0-
"eLeo-
6t11%°0-
£126°0-
9919°0-
1289°0-

L*ND)
z

1IvIuNs 3¥NsSs Jud

331832 3113 *3°)
831M33 3D 30

Z166°0 FLLL°0 00"t
61550 0EL9°0 $6°)
*16%°0 Sl1sS‘y 98°*0
69190 B2 R & AW 080
CoOE*N c1%2°y 01°%)
»261°0 ‘vil*0 09°D
6$90°0 CLYRVANVE] 05°0
L680°0~ :0ll°C- ov*0
LENZ®°0- Zuge’C- 0€°)
@%9¢°0~- »(B¥°0O~ 0z°)
€06% 0~ Qygs (- 2o
2e06° 0~  2499°(C~ $0°*0
$E89°0- 202.4°C- ]
{°NI) (°NI1}
A 2 hF1 Bl
3Jv43nS N330S Fh]
40 §70x BO4 €1 NIILIaS 12 F]

4889°0
8€E9°0-

e55LtC
95ES°U
6e$°0
862%°0
2%62°0
0091°0
s220°C
€€21°0-
€ELT°0-
L29¢°0-
6r3%9°0-
2955°0-
Li19°¢-

[ 28
4

AJv4ens INNSS 3Ind

L00€°¢ 40 iNOx ¥03 Ol NITLD3S

>31ONTT¥IID NIILI3S 30v8

LEFUEREERDLD I BRE B¥
431N4) 311D *3°)

260L°0 £949°0 00°t
6659°0 Pubsl $5°)
1994°0  498%°Q 98
»29%°0 S%3t 0 08°2
L62€°0 ~9lc'C oLed
dlele 3323%0 09°)
$9%2°0 o9t d- 08°3
»EL10- libltu- [L 2}
648T°2~ w2le 0~ 1] B}
91y = Teky*2- QT2
y9¥§°0-  Qtls°u- 4 Sl ]
0299°0- Shés U= $3°)
96%L*0- H1L9%0- )
{°ND) (°NI)
A l 4818
AIv4UNS ND1iINS 4]
*Ldvad

.

S
R




tuL2 e 62560 ¥3IIN3D 3INLD *3°d
G2t3°0- L6BL*C- ¥3I143) 318D °31
1962°0  »958°0 9EVEN %ubu°0 03°1t
HG6¢°D v UBL®D 892€°0  2eb62°C $6°0
L2eet0 1£95°0 Leten Y9939 (1 A ]
¢I61%0  6215°C LUCE*D  0u¥°0 03°0
R 13 Bdd »0i€*0 FLO2°0  cs2°L 0L°)
990  bELTO t112°0 f.30°0 090
eEu'u= (91u*0- LSLT1*) G960~ 0$°*)
VBETL*0~  CQET0- [ -hid] 599¢°0~ ov°0 !
66%2°0= 9Lu€°0-  8621°0- (129°C- 0€°)
LNLE 0~ €He%*0~-  §8L2°%= A594°0 [Tk}
62LY°C- U¥I9°0- fH6E°0- clg9°u- t 3 R]
£99%°0- 910L°0- BIIG 0~ 8IGL°U~ $s*d
BLI L MVERE T 27 Bd S0 ECHE°0~ lilucO- ‘9
(*ND) t°vh) ten1) NI

A ¢ A ? FTRM
17v4¥NS 4035 3ud 39v4unS NI110NS 42

CNE OUES*S 40U 11Dk ¥O04 61 NILEI3ES *LIvud

359D 1%3) ¥hi0Y v < NDTAVANIINO INTHOVWOLAWNL VT SIIENIINNID NI1EI37 30VIR se

neeet ¢ %2164°0 tye2"0 wges*n ®9LE U te9e°*y ¥IINAD AIMMIT 3]
1509% (- 1Bb2°0- $919°0~ 6810~ G9€9°0~- 999(°'0- pALNSY AVIeL) 3
§041°0 £g3a°0 2092°0 2806°C 0192°0  »288°0 92280 veeR*N BSYESD 21480 28C%*)  6L9d°0 00°1
€O81°C 2i62°C J082°0 PEDB*O $$82°%D Cebl0 LT1T AN 61810 HE2ED B2eL*0 bSO %90 %60
»991°C  3239°0 yCIE%0  5669°0 b582°C  6199°0 b6%E L  Yiveer $68¢°0  989°'0 966E°0  9(29°¢ 98°d
[{'L RGNS *11s°0 191€°Q 184%°¢C Q6 1< LAY CEEE L 1eeyte vilg2"0 Uvs Y (£ 2T d4] 1¢9%"C 080
teee (wee9 5282°C  €€@2°0 LT &L tree o 6ERZ0 922N £2¢1°n 11ée*o 19RZ*N 9092y 0L°>
9250°C  e8¥1°92 ietre c teed o 8650°0 9551’0 9902°¢ 1eoen €291°0 9102y neBL'O 09°0
1260°0- 1620°0- 1421°0 £860°0- 69600~ LETC°0- (188854 1EA00- 6430 0- £L60°0 ted iU~ 06°9
BIEI"D- E88i°0- 1910°0  €ULZ°0- Y¥091°C~ L9LT°0~-  Uw00°C- (Li9°P- t691°0=- 9991°0- ®220°0C~ %1§2°C- ce*o
1242°0~ 19%€°0- 2.41°0- LOEY*O- £452°0- LEEE°O-  £6F1°C- 6Ll%°r"- €992°L~ 98LlF°0- LSel*3- §cuv°C- ]
€29€°0- 816%°0- 2202°0- D9L.6°0- Gv2L°0~- 19B¥°0-  2b22°(C- €19%°C- 108E°0= 0L9%°0- GOCL I Lewite- 02°0
BY9' 0~ EFf19°0~ 189€°0- 0299°0- B9LY* 0~ 9H%§°0~ CENY (= L999°0~ 90y U~- 9189°0- QECY 0= @uweTQ- [494]
¥855°0~ 9012°0- 826G$°0- W9L°0- 169%°C~ 9i169°0~ ¢91¢°C~ 02%L°r~ 8999°0~ 2619°0- LSS0~  2l€.°V- $3°0
2L29°C- uLL°0O- L06°0- 9€29°0- L469°0~ €69L°0-  %665°0~- J6IB°C- 6%69°0- EL1>2°0- 2919°0-  leB4'e- *d
(0 18] (&1 10 (NI {"Ni) (NI (°NT (°ND) (°NI (*NI) (°NI) 1°NI1) [RA7 Y}

A 4 A 1 A H A 1 A ¢ A 2 * 3818
3274815 3¥NSS Jde 3IVIUNG NOT2DOS 4IV.UNS NS S Iud 39¥3uNS NOLLDNS 1Iv480S I¥NSSIud 39v3i8NS N1119NS Eh]
*N] DDSE®S S0 INDx wD4 91 NUILDIIS N1 0009°S  4C INJY ¥04 LY NOL1L1D4S N1 0089°S 40 112x ¥03 91 N1IT11I3S *1Ivyd

202




APPENDIX J

MICROFILM SUBROUTINES /ROM LEWIS LIBRARY

The following NASA Lewis Library subroutines - IL.RMRGN, LRSIZE, LRGRID,
LRANGE, LRCURV, LREON, LRCPLT, LRCHSZ, LRLEGN, LRION, LRIOFF,
LRCNVT - are called in program subroutine BLUEPT to produce tabl.s of blade-section
coordinates that can be attached to blueprint drawings. These systems ronutines are a
part of a microfilm plotting package called CINEMATIC, which is described in refer-
ence 8. The following descriptions of {the subroutines are condersed from those given in
the reference.

Subroutine LRMRGN

Purpose. - LRMRGN is used to change the width of piot margias.

Us .  Zali LRMRGN (XLEFT, XRIGHT, YBOTM, YTOP). XLEFT (floating
point) is the left margin width in absolute positioning units. XRICHT (floating point) is
the rigiht margin width in absolute positioning units. YBOTM (floating point) is the lower
margin width in absolute positioning upits. YTOP ({loaiing point) is the upper margn
width in abpsolute positioning units.

Method. - A frame of film contains 10 absolute positioning units in the horizontal
direction and 10 in the vertical direction. CINEMATIC sets margins around the plotting
area as follows: LEIT and BOTTOM, 1.0 absoiute positioning unit; RIGHT and TOP,

0. 4 of an absolute positioning unit. A call to LRMRGN before LRCURV will change the
width o' the margins.

stcbroutine LKSIZE

Purpose. - LRSIZE is used to change the size of & plot.

Usage. - CALL LRUIZE (XLEFT, XRIGHT, YBOTM, YTOP). XLEFT is the left
enc point of a plot in absolute positioning units. XRIGHT is the right end point. of a plot
in absolute positioning units. YBOTM is the lcwer end point of a plot in absolute posi-
tioning units. YTOP is the upper end point of 2 plot i.. absolute positioning units.

Method. - CINEMATIC uses one frame of film as the size of a plot (including mar-
gins). A call to LRSIZE before a curve-plotting routine will change the size of the plot.
Plot size may be expanded in the X (horizontal) direction to be several frames wide.

Restrictions. - LRSIZE must be called before the plotting routine it applies to. The
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settings of LRSIZ
LRSIZE'® 0, 10.49, 0.0, 10.0) will set the ize rack to vue fearm: i Silm.

“ remain in effect uriil char. 3 by another call to LRS!IZE. CALL

Subroutine LRGRID

Purpose. - LRGRID is used to specify grid-lin: changes.
Usage. - CALL LRGRID (IXCODE, IYCODE, DX, DY). IXCODE (fixed point) is a
switch which applies to vertical grid lines and i3 used as follows:
IXCODE=0 means return to using CINEMATIC's built-in grid format (11 grid lines).
IXCODE=11 means DX specifies how many grid lines; IXCODE=-1 suppresses grid
labels.
IXCODE=+2 means DX specifies grid intervals, IXCODE=-2 suppresses grid labels.
IXCODE=13 means DX specifies how many '"tick marks'' instead of grid lines;
IXCODE=-3 suppresses grid labels.
IXCODE=+4 means DX specifies the interval between "'tick marks'; IXCODE=-4
suppresses grid labels.
DX (floating point) specifies grid-line or ''tick mark'* frequency or intervals, depending
on how IXCODE is set. IYCODE (fixed point) is the same as IXCODE, but it applies to
horizontal grid lines. DY (floating point) is the same as DX but for horizontal grid lines.
Method. - CINEMATIC puts 11 horizontal and 11 vertical grid lines on every plot,
unless LRGRID is called. When a grid-line frequency is specified, CINEMATIC sets the
interval between the specified number of grid lines to be equal to ZXIOn, where Z =
1.0, ® 1, 2.5, or 5.0 and n depends on the magnitude of the user's data. To get these
intervals, CINEMATIC will adjust the end points of the plot, if necessary.

Subroutine LRANGE

Purpose. - LRANGE is used to set the range of (X, Y) curve points.

Usage. - CALL LRANGE (XLEFT, XRIGHT, YBOTM, YTOP). XLEFT is the left
end point of a plot in the user's units. XRIGHT is the right end point of a piot in the
user's units. YBOTM is the lower end point of a plot in the user's units. YTOP is the
upper end noint of a plot in the user's units.

Method. - The curve-plotting subroutine LRCURV searches the (X,Y) coordinates g
for maximuins and minimums and scales the rest of the user's points to fit between them. N

A call to LRANGE before LRCURV suppresses the search. The scttings of LRANGE re-
main in effect for all successive plots until changed by another call to LRANGE.
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Subroutine LRCURV

Purpose. - LRCURYV is used to plot one curve of a multiple-curve plot.

Usage. - CALL LRCURYV (X, Y, N, ITYPE, SYMBOL, EOP). X (floating point) is an
array of X-coordinates for the curve. Y (floating point) is an array of Y-coordinates for
the curve. N (fixed point) is the number of (X, Y) points to be plotted. ITYPE is a
switch that incicates the type of plot desired:

ITYPE=1 specifies a dot plot; each (X, Y) point is represented by a dot.

ITYPE=2 specifies a vector piot; successive (X, Y) points are joined by straight

lines.

ITYPE=3 specifies a symbol plot; each (X,Y) point is represented by a symbol. The

FORTRAN character in SYMBOL specifies the symbol used.
ITYPE=4 specifies a special symbol plot; each (X, Y) point is represented by a
special symbol taken from a SPECIAL CHARACTER TABLE.
SYMBOL specifies the plotting symbol when ITYPE=3 or 4. EOP is a switch that indi-
cates when the last subroutine call for a given plot is being made:

EOP=0. 0 means the current plot is not yet complete. More subroutine calls for this

plot will follow.

EOP=1. 0 means the current plot is complete. No more printing or plotting sub-

routines will be called for this plot.

Method. - LRCURYV provides greater flexibility in drawing curves. LRCURYV is
useful for the plotting situation in which not all (X, Y) points for a plot are in the com-
puter memory at the same time. Several calls to LRCURV may be made for the same
plot.

The X and Y arrays are in whatever units the user is working with. LRCURYV scales
his data range to fit the size of the plot on film. The user should call LRANGE before
LRCURV to supply the range of his data points to CINEMATIC. If the user does not call
LRANGE, LRCURYV will take the user's data range from the first call to LRCURYV for
any given plot.

LRCURYV does not destroy the contents of X, Y, N, ITYPE, SYMBOL, or EOP dur-
ing plotting.

Subroutine LREON

LREON is used to expand a frame in all directions so that the edges of adjacent
frames touch.
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Subroutine LRCPLT

Purpose. - LRCPLT is used to specify a multiple-curve plot.

Usage. - CALL LRCPLT (X, Y, KKK). X (floating point) is an array of X-
coordinates for ali the curves. Y (floa:ing point) is an array of Y-coordinates for all
the curves. KKK (fixed point) is an array at least six words long. It is used as follows:
KKK(1) is a switch that indicates whether CINEMATIC should duplicate any of the co-
ordinate¢s in the X or Y arrays:

KKK(1)=1 means duplicate X -coordinates.

KXK(1)=2 means duplicate Y-ccordi:

KKK(1)=3 means no duplication.

KKK(2) indicates the type of plot desir~a:
KKK(2)=0 means that all successive points on a curve are connected by straight lines
(2 vector plot).

KKK(2)=N specifies a vector plot with a plotting symbol placed at every Nth point.
KKK(5) indicates the symbol.

KKK(2)--N means that every Nth point is represented by a plotting symbol. KKK(5)
indicates the symbol.

KKK(2)=999 means that several curves with different KKK(2) numbers are being
plotted. Let KN be the sumber of such curves. Then the KKK(2) number for
each curve is supplied in KKK(KN+6) through KKK(2KN+5)

KKK(3) is the number of curves to be plotted.
KKK(4) is a switch that indicates whether a call to LRLABL will follow this call to
LRCPLT LRLABL labels a curve point.

KKK(4)=0 means no call to LRLABL will follow (moves to next frame).

KKK(4)=1 means a call to LRLABL will follow (holds a frame).

Whenever symbols are plotted, KKK(5) equals the number of the symbol used to plot the
first curve. Symbols for successive curves are chosen in order.

KKK(6) gives the number of points in each curve when KKK(1) equals 1 or 2. KKK(§)
gives the number of points in the first curve when KKK(1) equals 3. The number of
points for successive curves appear in KKK(7) through KKK(KN+5), where KN is the
number of curves being plotted.

Duplication of coordinates: When the set of X-coordinates for all the curves is the
same, it may appear only once in the X array. KKK(1)=1 indicates this arrangement of
the user's data. LRCPLT will use the one set of X's for all the curves to be plotted.
The Y-coordinates for all the curves must appear in the Y array. LRCPLT does aot
destroy the contents of X and Y during plotting.

Grid: Ten grid intervals are specified in each direction. Grid intervals are equal
to Zx10" where Z = 1, 2, 2.5, cr 5and n depends on the range of the user's data.
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LRCPLT will adjust the range of the user's data to 2t 10 equal intervals of ZXIOn. e
LRGRID to change the grid.

Margins: A margin of 0. 10 frame is allowea at the left and bottom, 0.C4 frame at
the right and top. These margins allow enough space for a title and legends, which are
printed by LRTLEG, LRXLEG, AND LRYLEG. Use LRMRGN to change margins.

Plot size: The size of the entire plot is one frame of film. If needed, the size may
be expanded to several continuous frames of film by a call to LRSIZE. With the pre-
viously described margins, the user's data range is scaled to a coordinate system of
981 x 981 distinct points.

Subroutine LRCHSZ

Purpose. - LRCHSZ is used to change the size of printed characters.

Us>ge. - CALL LRCHSZ (ISIZE), where ISIZE (fixed point) gives the size:

ISIZE=0 means let CINEMATIC resume selecting ‘he size.

ISIZE=1 means miniature characters.

ISIZE=2 means small characters.

ISIZE=3 means medium characters.

ISIZE=4 means lairge characters.

Method. - LRCHSZ changes the character size for all character printing that fol-
lows. The specified size remains in effect until changed by another call to LRCHSZ.

Large: 43 characters per line, 22 lines per frame.

Medium: 64 characters per line, 32 lines per frame.

Small: 86 characters per line, 43 lines per frame.

Miniature: 128 characters per line, 64 lines per frame.

Subroutine LRLEGN

Purpose. - LRLEGN is used to print a legend anywhere on a plot.

Usage. - CALI. LRLEGN (CHARS, N, IORIEN, XY, EOP). CHARS is an array of
characters to be printed. N (fixed point) is the number of characters to be printed.
IORIEN (fixed point) is a switch:

IORIEN=0 causes horizontal printing.

IORIEN=1 causes vertical printing.

X (floating point) is the X-coordinate of the starting point in absolute positioning units.
Y (floating point) is the Y-ccordinate of the startirg point in absolute positioning units.
EOP (floating point) is a switch:
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EOP=0 indicates the current plot is not yet coraplete.
EOP=1 indicates the current plot1s complete. No more calls to plotting or printing
subroutines for this plot will occur.

Method. - The user expresses the (

X, Y) starting point of a line of printing in ab-
solute positioning units. LRLEGN prints medium-size characters.

get other character sizes, italics, lower case, and

The user may aiso
special symbols.

Subroutines LRION and LRIOFF

Purpose. - These subroutines italicize printed characters.

Usage. - CALL LRION causes all printed characters that follow to be italicized.
CALL LRIOFF turns off the itaiicized mode of printing.

Subroutine LRCNVT

Purpose. - LRCNVT converts a fixed- or floating

-point number into printable char-
acters.

Usage. - CALL LRCNVT (X, ITYPE, CHARS, IFORM, N, M). X is the number to
be converted. ITYPE specifies X:

ITYPE=1 means X is fixed point.

ITYPE=2 means X is INTEGER#+2

ITYPE=3 means X is floating point.

CHARS is the array to receive printable characters.

CHARS must be dimensioned large

enough to hold the N characters requested. IFORM is a switch that describes the for-
mat of the characters:

IFORM=1 means convert to FORTRAN "'I'* format.
IFORM=2 means convert to FORTRAN "' Z*" format.
IFORM=3 means convert to FORTRAN " F'' format.
IFORM=4 means convert to FORTRAN '"E'" format.

N is the total number of characters desired. M is the number of characters to the right
of the decimal point. M=0 for "'I'* or "'Z'* format.
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Figure L - Conical coordinate system for blade—element layout.

 Outlet segment with
turning rate C,

turning rate C,

Figure 2. - Blade-element centerline nomenclature.
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Figure 4. - Blade-section coordinate systems,
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Figure 3. - Blade-element layout parameters.

ment calculations.

Figure 5. - Breakdown of blade-section end area for area and mo-
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{3} Blade~section coordinates between center of area and stack ing point.
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b) Relation between blade-element and blade-section
axial shifts in meridional plane.

- Center

(C) Blade-element center-of-area chordwise and normal coordinae compo-
nent adjustments.

Figure 6. - Stacking adjustment componerts betweer: center of area and
stacking point.
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Figure 7. - Moments i meridicnal plane.
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Figure 8. - Call sequence of computer program subroutines.

Figure 9. - Coordinate system for blade-section output data.
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Figure 11,

circle.
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Froure 12. - Meruicnal plane stacking-axis
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Figure 13. - Coordinate rotation about blade-section stacking point.




Figire 14, - Treatment of biade-section ends fur excess end mass moment,
fedn,
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bioare 19,0 - Blade-eiement cocrdingte shifts
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fFigure 16. - Blade-angte correction from local sireamiine slope 10 cone siope.

figure 17. - Differentiai components
at biade edge.
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u=0

Figure 18. - Blade-section geomet~y parameters

Figure 19. - Parameters for blade-section thickness definition.
for torsion constant integration.

Figure 20. - Geometry of blade-section segment.

Figure 21. - End-circle geometry for torsion constant.
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